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© SPHERICAL CORUNDUM PARTICLES, PROCESS FOR THEIR PRODUCTION, AND HIGHLY HEAT-CONDUCTIVE RUBBER OR 
PLASTIC COMPOSITION CONTAINING THEM. 

(s?) Spherical corundum particles comprising single particles 
of 5 to 35 pjnn in average particle size having no cutting edges. 
They can be produced by mixing pulverized alumina of a 
specific particle size with at least one of a halogen compound, 
a boron compound, and alumina hydrate, heat-treating the 
mixture at 1,000°C or above, and crushing the product. A 
highly heat-conductive rubber or plastic composition is ob- 
tained by compounding the particles, which is useful as semi- 
conductor sealing materials, etc. 
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SPHERICAL CORUNDUM PARTICLES , PROCESS FOR 
PREPARATION THEREOF AND RUBBER OR PLASTIC 
COMPOSITION HAVING HIGH THERMAL CONDUCTIVITY ■ 

AND HAVING SPHERICAL CORUNDUM PARTICLES' 

INCORPORATED THEREIN 

TECHNICAL FIELD 

The present invention relates to • , 

less abrasive property and flov characteristic ~' 11 " t 
valuabie as a fi ller for . sealing »J 

«^rj ;r;r f :; r j;ir 9 - - — 

r for the 

= ^ ^ . Particles incorporated therein 

and having a high thermal conductivitv * herein ' 

aensity m -electronic parts hav*=> 

faj.ts nave increased the novpr 

°°7 PtiM — therefore, an i mp ortant 

1 ! r h ° W ««-«vel y ^ eievation of the 

o ™ a \:r eSSea - Accordingly , the development 

which 9 " e *= slls "<= ferial conductivity 

whrch as stable as an insulati seal ' * 

^conductors, a materia! for a substrate on which 
parts are mounted, and a neri 'nh a . i wnicn 
heat-radiate. Peripheral material such as a 

neat radiating spacer, is demanded. 

main t An ° th r ^eat is how to best 

of an element and of an insulating material for 
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sealing the element. If there is a difference in the 
thermal expansion coefficient, the thermal stress is 
repeatedly applied to the bonding portion by the heat 
cycle when the operation of an integrated circuit (IC) 
is stopped with the result that the element is damaged, 
in general, since a resin has a high thermal expansion 
coefficient, an inorganic filler having a low thermal 
expansion coefficient is incorporated into the resin to 
match the thermal expansion coefficient with that of the 

in element. 

For example, an epoxy resin containing about 70% by 
weight of fused silica is generally used as an insulating 
sealing material for a large-scale integrated circuit 
(LSI), because of a low thermal expansion coefficient 
ana a good conformability. however, since fused silica 
has an extremely low thermal conductivity, this epoxy 
resin material is not suitable for use in a field where 
heat radiation is very important. Accordingly, a 
composition having a thermal conductivity of about 60 x . 
20 10" 4 cal/cm.sec.°C, which is formed by filling a large 
amount of crystalline silica having a high thermal 
conductivity, is already in practical use. However, 
crystalline silica having a high thermal conductivity 
has a defect of a high thermal expansion coefficient. 
25 Therefore, the above two problems concerning heat, that 
is, the problems of heat radiation and thermal expansion 
conformation, cannot be solved by the use of fused 
silica or crystalline silica alone. 

When fused silica and crystalline silica are 
simultaneously incorporated, since crystalline silica 
has a high Mohs hardness and comprises pulverized 
particles having irregular sharp cutting edges, if the 
amount of crystalline silica incorporated is increased, 
the flowability of the composition is drastically 
reduced and the wear of a kneader or a forming mold is 
greatly increased, and therefore, the amount of crystal 
line silica incorporated is restricted. As a means of 
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reducing the wear, a method can be mentioned in which 
fused silica having a specific particle size distribution 
and a low abrasive property is used as a coarse particle 
fraction and mixed with a fine particle fraction of 
crystalline silica having a specific particle size 
distribution, to provide a composition having an excel- 
lent flowability and a reduced wear of a mold, as 
disclosed in Japanese Unexamined Patent Publication 
No- 58-164250. However, even in this composition, a 
reduction of the thermal conductivity due to fused 
silica cannot be avoided. 

At present, even in a sealing material having a 
high thermal conductivity, the thermal conductivity is 
60 x 10~ 4 cal/cm-sec- °C at highest, and a level of 100 x 
10 cal/cm-sec- °C desired as the next target cannot be 
reached by using crystalline silica. Accordingly, 
a-alumina, aluminum nitride, and silicon carbide are 
under consideration as the filler having a higher 
thermal conductivity than that of crystalline silica, 
and alumina is promising as the substitute for silica 
because alumina is relatively inexpensive, has a stable 
quality, and has a good general-purpose property. 

However, in view of the characteristics of existing 
alumina, existing alumina cannot be considered suitable 
as a filler for rubbers or plastics. For example, 
alumina prepared according to the Bayer process consists 
of irregular- shaped or plate-like primary particles 
having a size of several ym to about 10 pm at largest. 
Since this alumina has a large oil absorption, the 
filling property in rubbers or plastics is poor and the 
amount filled is limited to about 80% by weight, such 
that if alumina is incorporated, for example, into an 
epoxy resin, the thermal conductivity is 60 x 10 ~ 4 
cal/cm-sec- °C at highest. It is known that alumina 
formed by pulverizing electrofused alumina or sintered 
alumina is usable as a material of an abrasive or 
refractory. Since alumina of this type consists of 
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dense corundum particles and the particle size can be 
optionally adjusted within a broad range of from a fine 
particle size to a coarse particle size of scores of ym, 
the oil absorption is small and the filling property in 
5 rubbers or plastics is excellent. ■ However, the pulveriz- 
ed particles of alumina of this type have many sharp 
angles and corundum (a-Al 2 0 3 ) has a high Mohs hardness. 
Therefore, the abrasive property is larger than that of 
crystalline silica having the same particle size, and 

10 corundum has a defect in that bonding wires or semi- 
conductor elements are damaged thereby. 

A rounded spherical shape having no cutting edges 
is desirable for alumina particles. As the process for 
preparing spherical alumina particles, a flame-spraying 

15 process is known in which alumina according to the Bayer 
process is sprayed into a high-temperature plasma or 
oxyhydrogen flame, and the alumina is fused and then 
rapidly cooled to form spherical particles. However, 
this ..process is economically disadvantageous in that the 

20 heat consumption is large, and although the obtained 
alumina is composed mainly of a-Al^C^ , it generally 
contains 6-Al 2 0 3 as a subsidiary component. The presence 
of this subsidiary component is unpreferable because the 
thermal conductivity of alumina is decreased by the 

25 subsidiary component. 

As a means for solving the foregoing problems of 
the conventional techniques, several processes have been 
proposed for preparing a-Al 2 0 3 (corundum) particles 
having a particle size larger than 5 ym and a regular 

30 shape. For example, Japanese Examined Patent Publication 
No. 60-33763 discloses a process in which aluminum 
hydroxide having a high sodium content is preliminarily 
dehydrated, a specific mineralizing agent is added to 
the dehydration product, and the mixture is calcined in 

35 a rotary kiln to obtain coarse particles of alumina. 
Furthermore, Japanese Unexamined Patent Publication 
No. 58-181725 discloses a process in which a mineralizing 
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agent containing fluorine and/or boron is added to 
dry-type absorption alumina and the mixture is calcined 
in a rotary kiln to obtain similar coarse particles of 
alumina. However, coarse particles of alumina prepared 
according to these processes have a shape including 
regular cutting edges, as shown in the drawing (micro- 
scope photograph) of Japanese Unexamined Patent 
Publication No. 58-181725, and do not possess a rounded 
spherical shape. Moreover, Japanese Unexamined Patent 
Publication No. 56-35494 (U.S. Patent No. 4,307,147) 
discloses a substrate having a covering fil m composed of 
a dispersion of polygonal corundum particles in an 
organic polymer. These corundum particles, however, are 
angular and do not possess a rounded spherical shape. 

It is considered that, if spherical corundum 
particles in which sharp cutting edges are eliminated to 
reduce the abrasive and wearing properties are used and 
incorporated as a filler in a resin, a rubber or plastic 
composition having a good filling property, a reduced 
abrasive and wearing property, an excellent thermal 
conductivity, and a high thermal conductivity optimal 
for an insulating sealing material or the like, will be 
obtained. However, the kind of the resin in which such 
spherical corundum particles are to be incorporated, the 
amount added of the particles, and the incorporation 
method have not been investigated in detail, and a 
rubber or plastic composition having a high thermal 
conductivity and practically usable as a sealing material 
has not yet been developed. 
30 DISCLOSURE OF THE INVENTION 

under this background, research was made into the 
developing of corundum composed of particles having 
reduced abrasive and wear properties, which is suitable 
as a filler, a scratch-free wrapping material or a base 
material of a ceramic or refractory material, without 
degradation of 'the inherent characteristics of corundum 
particles, such as thermal conductivity, electrical " 
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insulating characteristic, and hardness, and as a 
result, the present invention was completed. 

More specifically, in accordance with the present 
invention, there are provided (1) spherical corundum 
5 particles consisting substantially of single particles 
having an average particle size of 5 to 35 ym and having 
a shape not including cutting edges, and .optionally, 

having an a-ray radiant quantity smaller than 0.01 
2 

C/cm -hr, and (2) a process for the preparation of 

10 spherical corundum particles as mentioned above, which 
comprises adding at least one member selected from the 
group consisting of halogen compounds, boron compounds, 
and alumina hydrates to a pulverization product of at 
least one member selected from the group consisting .of 

15 electrofused alumina and sintered alumina, which has a 
specific particle size, heat-treating the mixture at a 
temperature of at least 1000°C, preferably 1000 to 
1550 °C, and disintegrating the heat-treated product. 
Furthermore, in accordance with the present 

20 invention, there is provided (3) a rubber or plastic 

composition having a high thermal conductivity compris- 
ing spherical corundum particles having a maximum 
particle size smaller than 150 ym and an average particle 
size of at least 10 ym as single particles, and a shape 

25 not including cutting edges. In accordance with a 

preferred embodiment of the present invention, whereby 
an excellent effect of reducing burrs is realized at the 
step of molding a sealing material for a semiconductor, 
there is provided (4) a rubber or plastic composition 

3 0 having a high thermal conductivity which comprises 

alumina consisting of 1 to 20% by weight of fine alumina 
particles having an average particle size smaller than 
5 ym, the remainder of the alumina consisting of spheri- 
cal corundum particles having a maximum size of a single 

35 particle that is smaller than 150 ym, an average particle 
size of at least 10 ym, and a shape not including 
cutting edges. Moreover, in accordance with another 
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preferred embodiment of the present invention, whereby 
an excellent effect of reducing the viscosity of a 
composition is realized upon incorporation in a liquid 
rubber or plastic, there is provided (5) a composition 
5 having a high thermal conductivity and comprising at 

least one member selected from rubbers and plastics and, 
incorporated therein, at -least 75% by weight, based on 
the total composition, of alumina consisting of 10 to 
30% by weight of fine alumina particles having an 

10 average particle size smaller than 5 v m, the remainder 

of the alumina consisting of spherical corundum particles 
having an average particle size of at least 10 ym and a 
shape not including cutting edges • 

BRIEF DESCRIPTION OF THE DRAWINGS 

15. Figure 1A, IB, 2A, and 2B are scanning electron 

microscopes (2500 magnifications) of corundum particles, 
in which Fig. 1A shows corundum particles obtained in* 
Example 1, Fig. IB shows corundum particles obtained in 
Example 2, Fig. 1C shows corundum particles obtained in 

2 0 Comparative Example 1 and Fig. 2B shows corundum 
particles obtained in Comparative Example 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

It was noted that a pulverized product of electro- 
fused alumina or sintered alumina, which has been used 

25 as an abrasive material or a fine aggregate of a re- 
fractory material, having an average particle size of 5 
to 35 ym, preferably 10 to 25 ym (for example, RW 220F 
or SRW 325F supplied by Showa Denko) has a particle size 
distribution which is substantially the same as the 

30 particle size distribution of a pulverization product of 
fused silica or crystalline silica (a-Si0 2 ) used at 
present as a filler of a sealing material for an elec- 
tronic part. Since such alumina has been molten or 
heat-treated at a high temperature such as 1500 to 

35 1850 °C, the crystal of alumina is fully developed and 
the pulverized 'product has a particle size distribution 
desirable for a filler. However, since sharp cutting 



JSDOCiD- <EP 



.0276321 A 1 I > 



» • 

," 0276321 

- 8 - 

edges are formed at the pulverizing step as mentioned 
above, the pulverized product is not put to practical 
use as a filler. Accordingly, research was made with a 
view to improving the shape of the particles while 
5 retaining this preferred particle size distribution, and 
as a result, it was found that, if a small amount of a 
known chemical heretofore used as a mineralizing agent 
or crystal-growing agent for alumina, such as a halogen 
compound or a boron compound, is incorporated into a 
10 pulverized product of electrofused alumina or sintered 
alumina, and the mixture is heat-treated at a tempe- 
rature of at least 1000°C, sharp angles, that is^ 
cutting edges, of coarse particles of alumina are 
decreased and simultaneously, the shape is made 

m 

15 spherical • The present invention was completed based on 
this finding. 

Electrofused alumina or sintered alumina prepared 
according to a known process can be used as starting 
coarse particles of alumina in the present invention. 

20 The particle size distribution, determined according to 
the sedimentation method, of the pulverized product of 
electrofused or sintered alumina is such that the 
average particle size is 5 to 3 5 ym, preferably 10 to 
25 pm, and the maximum particle size is not larger than 

25 150 pm, preferably not larger than 74 pm. Where the 
average particle size of intended spherical corundum 
particles is smaller than 5 pm, since particles having a 
rounded shape can be obtained by a known process com- 
prising adding a crystal-growing agent to aluminum 

3 0 hydroxide, the present invention need not be applied. 
If the average particle size of the starting material 
exceeds 35 pm or the proportion of particles having a 
size larger than 150 pm is increased, the effect of 
reducing cutting edges of the coarse* particles is 

35 insufficient and good results cannot be obtained. It 
was found that; if an alumina hydrate, especially 
aluminum hydroxide or alumina gel, or finely divided 
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alumina having a good thermal reactivity is added to 
electrofused alumina or sintered alumina and the mixture 
is heat-treated, the sphericalizing of coarse particles 
is effectively promoted. From the economical viewpoint, 
5 aluminum hydroxide according to the Bayer process 

(gibbsite crystal) is preferred, and most preferably, 
the average particle size is smaller than 10 pm. By 
observation, it was surprisingly confirmed that this 
sphericalizing promoter acts synergistically on coarse 
10 particles of alumina, with chemicals described herein- 
after, and irregular and sharp cutting edges are 
selectively absorbed to sphericalize the coarse 
particles. As a subsidiary effect, the cohesive force 
of agglomerates of the heat-treated product is decreased 
15 if an alumina hydrate such as aluminum hydroxide or 
alumina gel is added, and as a result, disintegration 
into primary particles can be easily accomplished. The 
optimum amount added of the sphericalizing promoting 
agent depends on the particle size of the pulverized 
20 product of electrofused alumina or sintered ..alumina, but 
in the case pf aluminum hydroxide, preferably the amount 
added of aluminum hydroxide is 5 to 100% by weight 
(calculated as alumina) based on electrofused alumina or 
sintered alumina. If the amount of aluminum hydroxide 
25 is smaller than 5% by weight, the cohesive force of the 
agglomerates becomes strong, and if the amount of 
aluminum hydroxide exceeds 100% by weight, excessive 
aluminum hydroxide is included in the form of free fine 
particles of alumina in the product and good results 
30 cannot be obtained. 

• At least one member selected from known crystal- 
growing agents for alumina is used as the chemical added 
at the heat treatment. Namely, halogen compounds, 
especially fluorine compounds such as A1F_ , NaF, CaF 
35 MgF 2 , and Na 3 AlF g , and/or boron compounds such as 
B 2°3 ' H 3 B0 3 '' ar >d mNa 2 0-nB 2 0 3 are preferred, and a 
mixture of a fluoride and a boron compound and a boro- 
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fluoride compound is particularly preferred. The amount 
added of the chemical depends on the heating temperature, 
the residence time in the furnace , and the kind of 
heating furnace, but it was found that a good effect is 
5 attained if the chemical is added in an amount of 0.1 to 
4.0% by weight based on the total alumina. Known means 
such as a single furnace , a tunnel furnace, and a rotary 
kiln can be used as the heating furnace. Where an 
alumina hydrate such as aluminum hydroxide is made 

10 present together with the chemical, the heating tempe- 
rature should be higher than the temperature at which 
the alumina hydrate is substantially converted to 
a-alumina, that is, about 1150 °C, and if the alumina 
hydrate is not made present, the intended object of the 

15 present invention can be attained by a heating tempe- 
rature higher than 100 0°C. In each case, a preferred 
heating temperature is in the range of 1350 to 1550°C. 
When the heating temperature is higher than 1550 °C, even 
if aluminum hydroxide is present, the cohesive force of 

20 the agglomerates is increased and disintegration to 
primary particles cannot be easily accomplished. The 
residence time in the heating furnace depends on the 
heating temperature, but in order to sphericalize the 
particles, a residence time of at least 30 minutes is 

25 necessary. The spherical alumina particles prepared 

according to the above-mentioned process take the form 
of secondary agglomerated particles, and therefore, 
disintegration is carried out in a short time by using a 
known pulverizing means such as a ball mill, a shaking 

30 mill or a jet mill, whereby spherical corundum particles 
having a desired . particle size distribution can be 
obtained. 

If electrofused alumina or sintered alumina and 
aluminum hydroxide having a low content of a radioactive 
35 element such as uranium or thorium are used; spherical 

corundum particles having a small a-ray radiant quantity 
can be prepared. If spherical alumina having a small 
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a-ray quantity (less than 0.01 C/cm 2 .hr) is used as a 
filler of a sealing resin for highly integrated IC, LSI 
and VLSI, a greater effect of preventing an erroneous 
operation (so-called soft error) by a-ray s can be 
attained. 

The process for the preparation of the above- 
mentioned spherical corundum particles will now be 
summarized. The process comprises the steps of (1) 
using electrofused alumina or sintered alumina having an 
average particle size of 5 to 35 pro, preferably 10 
to 25 ym, as the starting material, or optionally, a 
mixture of said alumina with fine particles of aluminum 
hydroxide in an amount of 5 to 100% by weight based on 
said alumina as the starting material, (2) adding 0 . 1 to 
4.0% by weight of a halogen compound, especially a 
fluorine compound such as CaF 2 or A1F 3 , a boron compound 
such as B 2 0 3 or H 3 B0 3 , a combination of a fluorine 
compound and a boron compound, or a borofluoride such as 
NH 4 BF 4 to the starting material, (3) calcining the 
mixture at a temperature of at least 1000 °C, preferably 
1350 to 1550°C, and (4) lightly disintegrating the 
calcination product to single particles of a-alumina 
(corundum) . 

If necessary, a step (5) of removing coarse 
particles (having a particle size exceeding 150 ym) by 
sieving may be optionally set. If the product is used 
in the field where a high hydrothermal resistance is 
required, for example, as an epoxy resin sealing mate- 
rial, a step (6) of refining the product by pickling or 
washing with deionized water becomes indispensable. 

The spherical corundum particles prepared according 
to the above-mentioned process is valuable as a starting 
material of a finish wrapping material or as a base 
material of a refractory, glass or ceramics or a compo- 
site material thereof, but these spherical corundum 
particles are especially valuable as a filler of a 
composite material for an electronic part -mounting 
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material or electronic part-sealing material. 

The spherical corundum of the present invention 
consists of single particles of corundum and is characte- 
ristic over spherical alumina formed by the flarae-spray- 
5 ing method or plasma- jet method , which is a mixed 

crystal of a-alumina and 6-alumina and is composed of 
fine agglomerated particles. For this reason, the 
spherical corundum of the present invention is especial- 
ly suitable as a filler for rubbers and plastics having 
10 a high thermal conductivity. 

As the polymer in which the spherical corundum 
particles are to be incorporated, there can be mentioned 
thermoplastic engineering plastics such as polyethylene , 
polypropylene , nylons, polycarbonates, arid polypheny lene 
15 sulfide, thermosetting plastics such as epoxy resins, 
unsaturated polyester resins, and phenolic resins, and 
elastomers such as silicone rubbers. Epoxy resins used 
for sealing IC's and LSI's, such as phenol-novolak 
resins and novolak-epoxy resins, silicone resins, and 
20 silicone rubbers for heat sinks, are preferred as the 
polymer. The amount filled of the spherical corundum 
particles varies according to the use, but when the 
spherical corundum particles are used as a composition 
with a powdery resin for a semiconductor chip-mounting 
25 material, preferably the spherical corundum particles 

are filled in an amount of 80 to 9 2% by weight. If the 
amount filled of the spherical corundum particles is 
smaller than 80% by weight, a thermal conductivity 
higher than 60 x 10~ 4 cal/cm* sec- °C cannot be obtained, 
3 0 and if the amount filled of the spherical corundum 

particles exceeds 92% by weight, the plastic flowability 
of the composition becomes insufficient and molding is 
difficult. 

In this case, the maximum particle size of the 
35 spherical corundum particles is 150 ym, and if particles 
having a size iarger than this upper limit are incorpo- 
rated, when the particles are filled in a rubber or 
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plastic, the surface becomes rough and wear is increased, 
and good results cannot be obtained. There is a range 
of the average particle size suitable for attaining a 
good balance among the less abrasive property, the 
filling property, and the flowability. If the average 
particle size is smaller than 5 pm, the flowability is 
reduced, and if the average particle size exceeds 35 um 
the wear becomes larger than in the case of crystalline' 
silica. It is especially preferable that the average 
particle size is from 10 to 25 pm. 

The method for molding the highly thermally conduc- 
tive rubber or plastic composition of the present 
invention is not particularly critical and an appropriate 
method is selected according to the kind of rubber or 
plastic. For example, known molding methods such as 
transfer molding, press molding, roll molding, and cast 
molding can be adopted. 

However, when a semiconductor is sealed by transfer- 
molding using a compound formed by incorporating spheri- 
cal alumina as described above, a resin burr i«= likely 
to adhere to a lead frame acting as a lead terminal of 
an IC or a transistor, and the subsequent plating step 
18 n0t 6asily Performed or an operation of removing the 
burr must be additionally performed. This disadvantage 
can be eliminated by adding finely divided alumina B to 
spherical corundum particles A to adjust the particle 
size distribution. Namely, this plastic composition 
comprises (1) alumina consisting of 1 to 20% by weight 
of finely divided alumina B having an average nartid- 
size smaller than 5 pm, the remainder of the alumina 
consisting of spherical corundum particles A having a 
maximum single particle size smaller than 150 pm an 
average particle size of at least 10 pm, and a shape not 
including cutting edges, and (2) at least one member 
selected from plastics used for semiconductor-sealing 
materials, such as epoxy resins and silicone resins. 
The finely divided alumina B is incorporated in 
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spherical corundum particles A in this composition 
because, since the proportion of particles having medium 
and fine particles is increased, the formation of a burr 
by bleeding of the resin from the spherical corundum 
5 particles can be prevented. Moreover, the mixing ratio 
of finely divided alumina B is limited to the above- 
mentioned range because, if the amount of finely divided 
alumina B is smaller than 1% by weight, the effect of 
preventing the formation of a burr is insufficient, and 
10 if the amount of finely divided alumina B is larger than 
20% by weight, the wear property is increased or the 
moldability is degraded. The particles size of spherical 
corundum particles A is. not particularly critical. 
However, if particles having a maximum particle size 
15 larger than 150 pm are present, since the hardness of 
alumina is high, even though it has a spherical shape, 
the abarsive property is increased and good results 
cannot be obtained. The average particle size of finely 
divided alumina B is limited to smaller than 5 ym 
20 because -the- wearing- property is increased in the case of 
alumina having an average particle size exceeding this 
limit. 

As is apparent from the foregoing description, this 
resin composition having a high thermal conductivity is 

25 especially suitable for sealing semiconductors and is 
characterized by the alumina incorporated, and this 
alumina is incorporated in a main component of a semi- 
conductor-sealing material, such as an epoxy resin 
represented by a cresol-novolak type epoxy resin or a 

30 phenolic resin represented by a novolak type phenolic 

resin, as in the conventional technique. A filler other 
than alumina, for example, crystalline silica, a flame 
retardant, a lubricant, a parting agent, a colorant r and 
a coupling agent can be added, so far as the intended 

35 object is attained. 

According* to another valuable application mode of 
the present invention, the spherical corundum ijs 
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incorporated in a liquid rubber or plastic. In this 
case, a rubber or plastic composition having a low 
viscosity and an excellent castability and roll process- 
ability can be obtained by using a mixture comprising 
spherical corundum particles A of the present invention 
and finely divided alumina B, at a B/ (A + B) ratio of 
from 0.10 to 0.30. 

Namely r this rubber or plastic composition having a 
high thermal conductivity comprises (1) alumina consist- 
ing of 10. to 30% by weight of finely divided alumina 
having an "average particle size smaller than 5 ym, the 
remainder of the alumina consisting of spherical corundum 
particles having an average particle size of at least 
10 pm, and (2) at least one member selected from rubbers 
and plastics f wherein the amount incorporated of the 
alumina is at least 75% by weight based on the total 
composition. 

The spherical corundum particles A used in this 
composition have an average particle size of at least 
10 pm. If the average particle size is smaller than 
10 pm, the viscosity-reducing effect by the combined use 
of spherical corundum particles A with finely divided 
alumina B is insufficient and good results cannot be 
obtained. The process for the preparation of finely 
divided alumina is not particularly critical, but finely 
divided alumina having an average particle size smaller 
than 5 pm is used. This is because, if finely divided 
alumina having a larger average particle size is used, 
the viscosity of the composition is increased and a 
satisfactory effect cannot be attained. 

By using alumina consisting of spherical corundum 
particles and 10 to 30% by weight (based on the total 
alumina) of finely divided alumina B, even if the 
alumina is incorporated in an amount of at least 75% by 
weight (based on the total composition) , preferably at 
least 80% by weight, in a liquid rubber or plastic, an 
increase of the viscosity of the resin composition, 
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which results in a degradation of the operation adapt- 
ability, can be prevented, and a rubber or plastic 
composition having a desired high thermal conductivity 
can be obtained. If the amount of finely divided 
5 alumina B is smaller than 10% by weight based on the 
total alumina, when the alumina is filled at a high 
ratio, the effect of reducing the viscosity of the 
liquid resin composition is insufficient, and if the 
amount of finely divided alumina B exceeds 30% by 
10 weight, the abrasive property is increased or the 

moldability is degraded. If the amount incorporated of 
the alumina is smaller than 75% by weight, a desired 
high thermal conductivity cannot be attained . 

The kind of liquid rubber or plastic is not parti- 
15 cularly critical, but epoxy resins, unsaturated polyester 
resins, phenolic resins, silicone resins, and silicone, 
rubbers are preferred. A flame retardant, a colorant, a 
lubricant, a precipitation-preventing agent, a defoamer, 
and other fillers may be optionally added to the com- 
20 position, so far as the intended object of the present 
invention is attained. 

The present invention will now be described with 
reference to the following examples. 

Example 1 

25 To 1000 g of commercially available pulverized 

sintered alumina (SRW-325F supplied by Showa Denko; 
average particle size = 12 ym, maximum particle size = 
4 8 pm) were added 20 g of anhydrous aluminum fluoride of 
the reagent class and 20 g of boric acid of the reagent 

30 class. The mixture was charged in a heat-resistant 

vessel formed of an alumina ceramic and heated at 1450°C 

for 3 hours in a kanthal. electric furnace. The hardness 

of agglomerates was determined with respect to the 

vithdrawn calcination product. The calcination product 

35 was disintegrated for 30 minutes in a vibration ball 

» 

mill (SM-0.6 supplied by Kawasaki Jukogyo; 100 g of the 
calcination product and 1000 g of HD alumina balls 
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having a diameter of 10 mm were charged} . The Na 0 
content of the disintegration product was determined and 
the particle size distribution was determined by a laser 
diffraction technique (Cilas) , and a scanning electron 
5 microscope photograph (2500 magnifications) was taken. 
The results are shown in the Example 1 Column in Table 1 
and Fig. 1A. 

Example 2 

A calcination product and a disintegration product 
10 thereof were prepared by using commercially available 

pulverized electrofused alumina RW-92 (325F) supplied by 
Showa Denko; average particle size = 13 pp' pa«-tp?p 
pa£xt=}c at+E L h 8 pm . The additives, the amounts 
incorporated, and the preparation method were the same 
15 as -described in Example 1. The hardness of agglomerates 
of the calcination product, the total Na 2° content of 
the disintegration product, the particle size distri- 
bution, and the shape of a-alumina particles were 
determined in the same manner as described in Example 1. 

20 The results are shown in the Example ~2-~Column in Table 1 
and Fig. IB. 

Comparative Example 1 

The* same pulverized sintered alumina as used in 
Example 1 was heat-treated alone under the same condi- 
25 tions as described in Example 1, without the addition of 
the chemicals, and a calcination product and the dis- 
integration product thereof were obtained. These 
samples were evaluated in the same manner as described 
in Example 1. The results are shown in the Comparative 
3 0 Example 1 Column in Table 1 and Fig. 2A. 

Comparative Example 2 

The same pulverized electrofused alumina as used in 
Example 2 was heat-treated alone under the same con- 
ditions as described in Example 2 , without the addition 

35 of the chemicals, and the obtained calcination product 

* 

and disintegration product were evaluated. The results 
are shown in the Comparative Example 2 Column in Table 1 
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and Fig. 2B. 

From these results, it is seen that, in the corundum 
particles of the present invention (Examples 1 and 2), 
the average particle size was 16.0 pm and the maximum 
particle size was 50 v m (Table 1) , and as shown in 
Figs. 1A and IB, the corundum particles had a rounded 
spherical shape having a size of 5 to 50 ym. On the 
other hand, no change of the shape was caused by the 
heat treatment in the samples of Comparative Examples 1 
and 2, and it was confirmed that the particles had an 
irregular shape including sharp cutting edges. 
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Note 

*1: analysis value obtained with respect to the 
sample disintegrated for 30 minutes by a 
vibration pot mill. 

*2: determined according to the laser diffraction 
method (Cilas) 

*3: determined by a scanning electron microscope. 

From the results of the Examples and Comparative 
Examples , it is understood that the particles according 

to the present invention are quite different from the 

conventional particles having -an irregular shape includ- 
ing sharp cutting edges, and are spherical corundum 
particles having a uniform shape and free of cutting 

edges . 

Example 3 

The same sintered alumina as used in Example 1 was 
mixed with 10% by weight (exteriorly calculated as 
alumina) of finely divided aluminum hydroxide having an 
average diameter of 1 ym, and the same chemicals as used 
in Example 1 were added in the same amounts as in 
Example 1. The mixture was calcined and disintegrated 
in the same manner as described in Example 1. The 
obtained sample was evaluated in the same manner as 
described in Example 1. The results are shown in the 
Example 3 Column in Table 2. 

Example 4 

The evaluation results of a sample obtained in the 
same manner as described in Example 3, except that the 
amount added of aluminum hydroxide was changed to 17% by 
weight, are shown in the Example 4 Column in Table 2. 

Example 5 

The evaluation results of a sample obtained in the 
same manner as described in Example 3, except that the 
amount added of aluminum hydroxide was changed to 30% by 
weight, are shown in the Example 5 Column in Table 2. 

Comparative Example 3 
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10 



15 



20 



25 



ball mill and passed through a sieve (Tyler sieve? mesh 
size = 104 microns) . The residue on the sieve was 
removed. The alumina was mixed with 30% by weight of 
aluminum hydroxide having an average particle size of 
about 5 ym and with 2.0% by weight of anhydrous aluminum 
fluoride and 2.0% by weight of boric acid as the 
chemicals. The mixture was calcined and disintegrated 
in the same manner as described in Example 1. The 
evaluation results of the obtained sample are shown the 
Example 7 Column in Table 3. 
Example 8 

Commercially available electrofused alumina 
t>W-92 (220F) supplied by Showa Denko; average particle 
size =28.5 pm, maximum particle si2e = 196 ym} was 
passed through a 150-mesh sieve, and the particles which 
had passed through the sieve were evaluated in the same 
manner as described in Example 7. The evaluation 
results are shown in the Example 8 Column in Table 3. 

For comparison, the sample formed without the 
addition of aluminum hydroxide was similarly tested (the 
results are not shown) . 

Where the procedures of Examples 7 and 8 were 
repeated without the addition of aluminum hydroxide, the 
particles of the calcination product were bonded to one 
another in the semi-fused state, and disintegration by 
the mill was difficult. However, where aluminum hydr- 
oxide was incorporated, the calcination product could be 
easily disintegrated into primary particles. 
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Table 3 



0276321 



Starting Material 



Aluminum Hydroxide (5 microns) 
Crystal-Growing Agent 



Exanple 7 Example 8 



pulverized 
SRW 48F *1 



30% 



AlP. 



2% 



Heating Conditions 

Hardness of Calcination Product 

Analysis total sodium content (Na-0 wt. %) 
Values 2 

particle size distribution 

+32 microns (%) 

-10 microns (%) 

average particle size 
(microns) 

a -alumina particles 



H3BO3 



2% 



EW-92 
(200F) 

30% 

same as in 
Example 7 

same as in 
Example 7 



1450 °C x 3 hours 
very soft very soft 



0.02 



26 
12 
21.7 



0.02 



35 
15 
25.6 



size 



shape 



5-80 
microns 



5-80 
microns 



spherical spherical 



Note 

*1: sample obtained by pulverization for 1 hour bv 

vibrating ball mill and passing through 150-mesh 
sieve (average particle size was 11 microns) . 
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With respect to the samples of Examples 7 and 8, 
the measurement of the particle size distribution and 
the electron microscope observation were carried out. 
It was confirmed that each of the products of Examples 7 
5 and 8 consisted of spherical coarse particles of 

a-alumina particles having a particle size of 5 to 80 

microns . 

Example 9 

Commercially available low-a-ray-radiant alumina 

10 (having an a-ray radiant quantity smaller than 0*01 

2 

C/cm *hr) was electrofused, and the obtained ingot was 

disintegrated, pulverized and classified under con- 

ditions such that a radioactive element was not included. 

The obtained electrofused alumina coarse particles 

15 having an average particle size of 20 microns and a 

maximum particle size of 74 microns (the a-ray radiant 

2 

quantity was 0,005 C/cm *hr) were mixed with 30% by 
weight of aluminum hydroxide (average particle size of 5 

microns) of the low a-ray-radiant type (a-ray radiant 

2 

20 quantity was 0,005 C/cm *hr) obtained according to the 
known method, and 0.5% by weight of boric acid and 0.5% 
by weight of anhydrous aluminum fluoride were added as 
the chemical. The mixture was charged in a heat- 
resistant vessel formed of an alumina ceramic and heated 

25 at 1500 °C for 3 hours in a kanthal electric furnace. 
The calcination product was pulverized for about 30 
minutes by a vibration ball mill. The particle size 
distribution was determined and the size and shape of 
the particles were evaluated by an electron microscope. 

30 It was confirmed that the starting particles were 

changed to spherical coarse a-alumina particles having a 

particle size of 3 to 50 microns. The a-ray radiant 

2 

quantity of the sample was 0.004 C/cm -hr. 
Example 10 

35 A basic recipe shown in Table 4 was set by using as 

the main component an epoxy resin for a sealing material 
for semiconductors . 
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Table 4 



Materials 


Amounts 
(parts by weight) 


epoxy resin *1 


100 


phenolic resin *2 


50 


curing praroter *3 


1 


carnauba wax *4 


3 


alumina 


variable 



Note 

*1: Sumiepoxy ESCN-220F (softening point = 77.6°C) 
supplied by Sumitomo Chemical K.K. 

*2: Sumilite Resin PR-51688 (softening point = 
98 °C) supplied by Sumitomo Durez Co. 

*3: Imidazole C-17Z supplied by Shikoku Kasei 
Kogyo K.Pw 

*4: supplied by Toa Chemical Industries Co. , Ltd. 

A composition comprising 650 parts (80.8% by 
. weight), 850 parts (84.7% by weight) or 950 parts (86.0% 
by weight) of spherical corundum particles having the 
characteristics shown in Table 5 and prepared in Example 

25 7 was kneaded for 3 minutes by two rolls having a 

surface temperature maintained at 105 to 115 °C. After 
cooling, the product mass was disintegrated in a mortar 
and classified to a size smaller than 16 mesh. Tablets 
having a diameter of 50 mm were formed. With respect to 

30 each of the above-mentioned three compositions, the 

spiral 'flow (flow characteristic of the composition) and 
the thermal conductivity and thermal expansion coeffi- 
cient of a test piece obtained by press molding were 
determined. The thermal conductivity was measured by 

35 the non-stationary hot wire method by using Shorthrerm 
QTM-D II supplied by Showa Denko, the thermal expansion 
coefficient was expressed by the thermal expansion 
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coefficient at temperatures lower than the glass 
transition temperature, and the thermal expansion 
coefficient a 2 at temperatures higher than the glass 
transition temperature. 
5 The spiral flow test was carried out according to 

EMMI-I-6 6 in the following manner. Namely, a spiral 
cavity mold was heated at 149 + 3°C and the sample was 
collected in an amount such that the cull thickness was 
0.30 to 0.35 cm, and molding was carried out under a 
10 pressure of 70 + 2 kg/cm 2 . The distance which the 
sample moved along the spiral groove in thfe mold- was 
measured. The result of the spiral test indicates the 
flowability of the sample and is- important as a factor 
for evaluating the moldability. 
15 In order to evaluate the abrasive property of the 

filler at the roll kneading step, the degree of contami- 
nation of the composition by wear of the hard chromium 
plating formed on the roll surface was judged with the 
naked eye. Namely, the degree of incorporation of a 
20 peeled piece (black) of the hard chromium plating in the 
composition (white) by friction between alumina and the 
roll surface was evaluated with the naked eye according 
to the following five stages: 1) no contamination, 2) 
faint contamination, 3) little contamination, 4) cons- 
25 picuous contamination and 5) extreme contamination, and 
the degree of wear was determined by this contamination 

degree . 

Note, in Table 5, the extraction impurities were 
measured by the pressure cooker test (160°C x 20 hours) . 

30 The P H value shown was the pH value of the supernatant 
of a slurry containing 30% by weight of the sample. The 
loose bulk specific gravity was measured by allowing the 
sample to fall naturally in a graduated cylinder, and 
the heavily packed bulk specific gravity was measured by 

35 the tapping filling method. Furthermore, the average 

particle size was measured by the laser beam diffraction 
method (Cilas) . 
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Table 5 



Sample 



Characteristics 



moisture 



ignition loss 

Fe 2°3 
Si0 2 

Na 2 0 

extraction impurities 
Na ion 
CI" ion 



(%) 
(%) 
(%) 
(%) 
(%) 



(pprn) 
(Ppn) 



extracted water electric 

conductivity (mS/cm) 



pH 



(30% by weight) 



gravity (g/cm 3 ) 



loose 



packed 



average particle size (ym) 

BET (specific surface area) (m 2 /g) 



Spherical 

Corundum 

(Example) 

0.01 
0.02 
0.02 
0.13 
0.02 



15.0 
0.4 

30 
5.5 



1.70 
2.40 
21.7 
0.35 



Coarse Alumina 
(Comparative 
Example) 

0.02 
0.05 
0.09 
0.06 
0.20 



50.0 
2.0 

60 
6.0 



1.60 
2.20 
10.0 
0.75 




30 



35 



Comparative Example 4 

A composition comprising 350 parts (70% by weight) 
of crystalline silica (Crystalite A-l supplied by K.K 
Tatsumori) having an average particle size of 9.7 ym and 
a maximum particle size of 48 ym or fused silica (FuseLex 
E-l supplied by K.K. Tatsumori) having an average 
partxcle size of 12.1 pm and a maximum particle s±2e Qf 
4 8 ym instead of spherical corundum was prepared in the 
same manner as described in Example 10, and the compo- 
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sition was evaluated in the same manner as described in 
Example 10. 

Comparative Example 5 

A composition comprising 650 parts of a sample 
5 formed by refining pulverized low-sodium alumina of the 
Bayer process (plate-like particles having an average 
size of 5 pm) by washing with pure water or a sample 
("Coarse Alumina" in Table 5) obtained by purifying 
commercially available sintered alumina (SRW 325F 
10 supplied by Showa Denko) having an average particle size 
of 10,0 pm by washing with pure water, instead of the 
spherical corundum, was prepared in the same manner as 
in Example 10, and the characteristics were evaluated as 
in Example 10. 

15 The results obtained in Example 10 and Comparative 

Examples 4 and 5 are shown in Table 6. 
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As is apparent from the foregoing results, the 
spherical corundum of the present invention can be 
easily filled in a resin even at a weight ratio higher 
than 8 0% by weight, the wear by the spherical corundum 
5 of the present invention is much lower than that of 
crystalline silica, alumina by the Bayer process and 
sintered alumina, and the flowability represented by the 
spiral flow length is greatly improved. Accordingly, a 
thermal conductivity higher than 60 x 10~ 4 . cal/cm* sec • °C 
10 can be easily obtained, and by increasing the amount 
incorporated of the spherical corundum, a low thermal 
expansion coefficient comparable to that of the fused 
silica-containing composition can be obtained. 

Example 11 

15 A composition was prepared by using an epoxy resin 

having a softening point of 68.6°C (Smiepoxy ESCN-220-3 
supplied by Sumitomo Chemical K »K . ) instead of the epoxy 
• resin used in Example 10, changing the phenolic resin 
used as the curing agent in Example 10 to a phenolic 

20 resin having a softening point of 7 9°C (Shonol BRG-556 

supplied by Showa Highpolymer Co., Ltd.) and incorporat- 
ing 1050 parts (87.5% by weight) of spherical corundum 
shown in Table 5 without changing the amounts of other 
additives used in Example 10, and the characteristics of 

2 5 the composition were evaluated in the same manner as 

described in Example 10. 

It was found that the wear index of the composition 

was 3, the spiral flow length was 40 cm, the thermal 

—4 

conductivity was 93 x 10 cal/cm» sec • °C, and the 

—5 

30 thermal expansion coefficient was 1.7 x 10 /°C. 

Comparative Example 6 

Spherical corundum purified products having average 
particle sizes of about 4 ym and about 4 0 ym, respec- 
tively, were prepared from sintered alumina finely 
35 divided into an average particle size of 3 ym and 
sintered alumina having an average particle size of 
37 ym, respectively. It was intended to prepare com- 
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positions by using these spherical corundum purified ■ 
products in the same manner as described in Example 11. 
In the case of alumina having an average particle size 
of 4 ym, the composition became hard and roll kneading 
5 was impossible. In the case of alumina having an 

average particle size of 40 ym, Jcneading was relatively 
easy but the wear index was increased because the 
particle size was too large. 

Examples 12 through 14 and Comparative Examples 7 

10 through 11 

Three kinds of alumina particles having characte- 
ristics shown in Table 7 , that is, spherical alumina A, 
fine alumina B and medium alumina C, were mixed at a 
ratio shown in Table 8 to form a mixed filler. The 

15 filler was incorporated in an amount shown in Table 9 
into a resin to form a semiconductor-sealing resin 
composition. 

With respect to the obtained material, the spiral 
flow length was measured according to the EMM I method, 
20 and the length of the resin burr was measured. Moreover, 
in order to evaluate the wear property of the compound, 
the contamination of the compound with the hard chromium 
plating formed on the roll surface at the roll kneading 
step was judged with the naked eye and expressed by the 
index . 



Table 7 





Spherical. . 
Alumina A 


Fine 2 ) 
Alumina B ' 


tedium ^ 
Alumina C 


Average 
Particle £ 


20 

lize 


1.5 


10 


Maximum 
Particle S 


64 

>ize 


6 


32 


Shape 


spherical 


irregular 


irregular 
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spherical alumina 

AL-45-1 supplied by Showa Denko K.K. 
SRW 325F supplied by Showa Denko K.K. 

Table 8 



Example No. Comparative Example No. 
12 13 14 7_ 8_ 9_ 10 11 

99 90 80 100 70 50 80 
1 10 20 30 50 100 

20 



Table 9 



Materials 


Amounts (g) 


Epoxy Resin 1) 


100 


Phenolic Resin 2) 


50 


Curing Promoter 3) 


1 


Mold Release 4) 


3 


Alumina 


850 



Note 

1) ESCN-220-3 supplied by Sumitomo Chemical 
K.K, 

2) BRG-55 6 supplied by Showa Highpolymer 
Co. , Ltd. 

3) C-17Z supplied by Shikoku Chemical K.K. 
» 

4) carnauba wax supplied by Hoechst 



. Note 

1) 
2) 
3) 



Mixing spherical. 
Ratio alumina A 
(%) 

fine 

alumina B' 

medium 
alumina C 
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The length of the resin burr referred to herein 
means the length of a burr formed when the molding 
material was transfer-molded at a width of 10 mm and a 
slit thickness of 10 , 30 , 75 or 98 pm. If the burr 
5 length is smaller than 10 mm at each slit thickness, no 
problem arises. 



Table 10 







Example No. 


Comparative Example 


No. 






12 


13 


14 


7 


8 


9 


10 


11 


Ratio 


B/A + B 


0.01 


0.10 


0.20 


0 


0.30 


0.50 


1.00 




Characte- 
ristics 


spiral flow 
length (am) 


55 


60 


62 


52 


55 


35 


29 


38 




Wear index 


2 


2 


2 


2 


3 


4 


5 


5 


burr 

strength 

(mm) 


10 ym 
30 pm 


4 
6 


2 
3 


2 
3 


11 
25 


2 
8 


7 
10 


30 
45 


20 
26 




76 pm 


8 


4 


4 


38 


10 


15 


50 


41 




98 ym 


10 


5 


5 


45 


15 


20 


50 


50 



Note 



1) 
2) 



149 
1 



4 
5 



+ 3°C, 70 + 2 kg/cin 
no contamination 
faint contamination 
little contamination 
conspicious contamination 
extreme contamination 



35 



As is apparent from the test results shown in 
Table 10 , only in Examples 12 through 14 where the added 
alumina was fine alumina B and the mixing ratio was 0.01 
to 0.20, was the wear property low, the formation of a 
resin burr controlled, and the flowability represented 
by the spiral flow length large. 
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r « » 



Average 

20 1 6 8 12 



(tun) 
Maximum 

Particle 64 12 16 24 32 48 

Size (ym) 



In Comparative Examples 8 and 9, where even if the 
added alumina was alumina B r the ratio of the alumina B 
was outside the range specified in the present invention, 
the wear index was increased although formation of a 
5 burr was controlled to a certain extent. In Comparative 
Example 10 , where all of the filled alumina was the fine 
alumina, wear was extreme, the flowability was reduced, 
the burr length was large, and a satisfactory material 
could not be obtained. In Comparative Example 11, where 
10 the added alumina was medium alumina having an average 
particle size exceeding 5 microns, the spiral flow 
length was short, wear was extreme, and the formation of 
burrs was not controlled. 

Note, the thermal conductivities obtained in these 
15 examples were 74 to 75 x 10 cal/cm- sec* °C. 

Examples 15 through 18 and Comparative Examples 12 

through 17 

The alumina shown in Table 11 was incorporated at a 

ratio shown in Table 12 into an epoxy resin to obtain a » 

-20 — resin composition having a high .thermal conductivity. j 

The mixing ratio of the alumina particles in the added ! 

alumina was as shown in Table 13. Note, alumina B, j 

alumina C, and alumina D were according to the Bayer j 

i 
1 

process* I 

- Table 11 

i 

Characteristics of Alumina 

Spherical Fine Medium Medium Sintered Spherical 

Items Corundum Alumina Alumina Alumina Alumina Corundum 

A B C D E F 
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Table 12 



Mixing Ratio 



Material 


Amount Incorporated 


Epoxy Resin 1 * 


50 g 


Curing Agent 


40 g 


Alumina 


200 - 400 g 



Note 



1) Epikote 815 supplied by Shell Chemical 

2) NH-2200 supplied by Hitachi Chemical Co., 
Ltd. 



Table 13 



Composition (%) of Added Alumina 



Example No 



15 



Spherical 90 
Corundum A 



16 



80 



17 



12 



70 100 



•Comparative Example No 



13 



60 



14 



80 



16 



17 



Fine 

Alumina B 



10 



20 



30 



40 



20 



Medium 
Alumina C 



20 



Medium 
Alumina D 



100 



Sintered 
Alumina E 



100 



Spherical 
Corundum F 



80 
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The viscosity of each of the so-obtained compounds 
was measured, and the results are shown in Table 14 . 

Table 14 
Viscosity (poise) of Canpound 



Amount (g) 
of Added 
Alumina 


Example No. 




Comparative Exampl 


e No. 




15 


16 


17 


12 


13 


14 


15 


16 


17 


200 


69 


65 


68 


70 


85 


70 


23.2 


172 


125 


250 


130 


105 


135 


153 


192 


148 


785 


671 


391 


300 


226 


173 


229 


371 


503 


335 


1920 


2390 


980 


350 


478 


358 

• 


500 


750 


1020 


721 


above. 
3000 


above 
3000 


1970 


400 


724 


550 


770 


1300 


1630 


1250 


above 
3000 


above 
3000 


above 
3000 



20 From the experimental results shown in Table 14, it 

is seen that, only when the fine alumina having an aver- 
age particle size smaller than 5 pm was incorporated in , 
an amount of 10 to 30% by weight in spherical corundum, 
was the viscosity of the resulting compound low and the 

25 compound had a good operation adaptability even if the 
alumina was added in a large amount. In Comparative 
Example 12, where spherical corundum alone was incorpo- 
rated, or in Comparative Example 13, where the ratio of 
fine alumina to spherical corundum was outside the range 

30 specified in the present invention, the viscosity was 
increased. In Comparative Example 14 where the average 
particle size of added fine alumina was larger than 
5 ym, even if the mixing ratio of the fine alumina was 
10 to 30% by weight, when the alumina filler was 

35 incorporated in a large amount, the viscosity was high 
and a compound having a good operation adaptability 
could not be obtained. Similarly, in Comparative 



NSDOCID: <EP 0276321A1 I > 



10 



Example 15, where the particle size of the added alumina 
was relatively large, in Comparative Example 16, where 
the pulverized sintered alumina was incorporated, or in 
Comparative Example 17, where the average particle size 
of spherical corundum particles was smaller than 10 pm, 
a satisfactory compound was not obtained. 

The alumina filler was gradually added to the 
resin, and when the viscosity of the compound reached 
500 poise, the ratio of the alumina in the compound was 
determined. The compound at this time was cured and the 
thermal conductivity was measured. The results are 
shown in Table 15. 



Table 15 



Ratio (% by weight) 
of Alumina at which 
Viscosity Reached 
500 poise 



Example No. 



15 



80 



16 



81 



17 



80 



Thermal Conductivity 53 56 53 
—4 

10 cal/cm«sec'°C 



12 



78 



45 



Comparative Example No. 



13 



77 



42 



14 



79 



49 



15 



72 



31 



16 



73 



33 



17 



74 



35 



30 



35 



It. is considered that the operation adaptability of 
a liquid compound is drastically degraded if the visco- 
sity of the compound exceeds 5 00 poise. As is seen from 
Table 15, only in Examples 15 through 17 where spherical 
corundum particles containing 10 to 30% by weight of fine 
alumina having an average particle size smaller than 
5 ym were incorporated, was the viscosity of the compound 
lower than 500 poise even if the alumina was incorporated 
in an .amount of 80% or more, and a thermal conductivity 
higher than 50 x 10~ 4 cal/cm-sec "c obtained. On the 
other hand, where spherical corundum particles were 
used, the average particle size of the added alumina was 
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larger than 5 ym or the average particle size of the 
added alumina was smaller than 5 ym, the mixing ratio of 
the added alumina was outside the range of 10 to 30% by 
weight, as in Comparative Examples 12 through 14, or in 
5 where pulverized sintered alumina having a relatively 
large - particle size or spherical corundum having an 
average particle size smaller than 10 ym was used, as in 
Comparative Examples 12 and 15 through 17, the viscosity 
reached 5 00 poise when the amount added of the alumina 
10 was still small, and therefore, a compound providing a 
high thermal conductivity could not be obtained. 
INDUSTRIAL APPLICABILITY 

The spherical corundum of the present invention has 
a low abrasive property and excellent flow characte- 

* 

15 ristics and is valuable as a filler for a sealing 

material for electronic parts, a starting material of a 
finish wrapping material, a base material of a refracto- 
ry, glass or ceramic. Moreover, a rubber or plastic 
composition comprising a high concentration of this 

20 spherical corundum has a. high thermal conductivity and a 
low thermal expansion coefficient, and therefore, this 
composition is especially valuable as an insulating 
sealing material for a semiconductor device. 



* 

i. 
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CLAIMS 

1. Spherical corundum particles characterized by 
consisting substantially of single particles, having an 
average particle size of 5 to 35 w m and having a shape 
not including cutting edges. 

2. Spherical corundum particles characterized by 
having a maximum particle size smaller than 150 pm and 
an average particle size of 5 to 35 ym as single parti- 
cles, having a shape not including cutting edges, and 
having an a-ray radiant quantity smaller than 0 01 

10 C/cnr-hr. 

3. A process for the preparation of spherical 
corundum particles, characterized by adding one or more 



15 



20 



25 



30 



35 



— J — <WJ_ JdW 

members selected from the group consisting of halogen 
compounds, - boron compounds and alumina hydrates to a 
pulverized product of at least one member of electro- 
fused alumina and sintered alumina, which has a maximum 
partrcle size smaller than 150 »m and an average parti- 
cles size of 5 to 35 ym as single particles, heat- 
treating the mixture at a temperature of at least 
100C°C, and disintegrating the heat-treated product. 

4. A process for the preparation of spherical 
corunaum particles according to- claim 3, wherein the 
heat treatment is carried out at 1000 to 1550°C. 

5. A process for the preparation of snherical 
corundum particles according to claim 3, wherein the 
halogen compound is one or more members selected from 
the group consisting of A1F , NaF , CaF„ , MgF and 
Na_AlF " ^ 2 



6" 

6 



A process for the preparation of spherical 
corundum particles according to claim 3, wherein the 
boron compound is one or more members selected from the 
group consisting of , H3BO3 , mNa.O-nB ,0, and 

boro fluorides. z 6 

7. A process for the preparation of spherical 
corundum particles according to claim 3, wherein the 
alumana hydrate is at least an aluminum hydroxide 
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produced by the Bayer process and alumina gel. 

8. A process for the preparation of spherical 
corundum particles according to claim 3, wherein each of 
electrofused alumina f sintered alumina and alumina ■ 

5 hydrate has an a-ray radiant quantity smaller than 
0.01 C/cm 2 «hr. 

9. Spherical corundum particles characterized by 
being formed by adding one or more members selected from 
the group consisting of halogen compounds, boron com- 

10 pounds and alumina hydrates to a pulverized product of 
at least one of electrofused alumina and sintered 
alumina r which has a maximum particle size smaller than 
150 ym and an average particle size of 5 to 35 ym as 
• single particles, heat-treating the mixture at a tempe- 

15 rature of at least 1000°C, and disintegrating the 
heat-treated product. 

* 

10. A highly thermally conductive composition 
comprising spherical corundum particles having an 
average particles size of 5 to 35 ym and a shape not 

20 including cutting edges, and at least one of rubbers and 
plastics. 

11. A composition. as set forth in claim 10, 
wherein the spherical corundum particles -have an a-ray 
radiant quantity smaller than 0.01 C/cm 2 *hr. 

25 12. A composition as set forth in claim 10, 

wherein the spherical corundum particles are contained 
at a weight ratio of 80 to 92%. 

13. A composition as set forth in claim 10, where 
the spherical corundum particles have an average particle 

30 size of 10 to 25 ym. 

14. A composition as set forth in claim 10, 
wherein the plastic is selected from thermoplastic 
engineering plastics such as polypropylene, polyethylene, 
nylons, polycarbonates and polyphenylene sulfide, and 

35 thermosetting plastics such as epoxy resins, unsaturated 
polyester resins and phenolic resins. 

15. A composition as set forth in claim 10, 
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wherein the rubber is a silicone rubber. 

16. A resin composition for sealing a semi- 
conductor, characterized by comprising (1) alumina 
consisting of 1 to 20% by weight of finely divided 
alumina having an average particle size smaller than 
5 ym, the remainder of the alumina consisting of 
spherical corundum .particles having a maximum particle 
size smaller than 150 ym and an average particle size of 
at least 10 pm as single particles and a shape not 
including cutting edges, and (2) at least one of plastics 
used for a semiconductor-sealing material, such as epoxy 
resins and silicone resins. 

17. A composition characterized by comprising (1) 
alumina consisting of 10 to 30% by weight of finely 
divided alumina having an average particle size smaller 
than 5 ym, the remainder of the alumina consisting of 
spherical corundum particles having an average particle 
size of at least 10 ym and a shape not including cutting 
edges, and (2) at least one of rubbers and plastics, 
wherein the amount incorporated of the alumina is at 
least 75% by weight. 

18. A composition as set forth in claim 10, 
wherein the spherical corundum particles having a 
maximum single particle diameter smaller than 150 ym and 
an average particles of- 5 to 35 ym as single particles 
are those formed by adding at least one member of 
halogen compounds, boron compounds and alumina hydrates 
to a pulverized product of at least one of electrofused 
alumina and sintered alumina, which has a maximum single 
particle size smaller than 150 ym and an average particle 
size of 5 to 35 ym, heat-treating the mixture at a 
temperature of at least 1000 °C, and disintegrating the 
heat-treated product. 

19. A composition as set forth in claim 16 or 17 , 
wherein the spherical corundum particles having a 
maximum particle size smaller than 150 ym and an average 
particle size of at least 10 ym as single particles are 



■ 

0276321 

- 43 - 

those formed by adding at least one of halogen compounds , 
boron compounds and alumina hydrates to a pulverized 
product of at least one of electrofused alumina and 
sintered alumina, which has a maximum single particle 
5 size smaller than 150 ym and an average particle size of 
at least 10 ym, heat-treating the mixture at a tempe- 
rature of at least 1000 °C, and disintegrating the 
heat-treated product. 

20. An electronic part comprising (1) a semi- 
10 conductor chip for a power module, and (2) a mounting 

member for mounting thereby the semiconductor chip while 
having contact therewith, said mounting member being 
composed of a composition comprising spherical corundum 
particles having an average particle size of 5 to 35 ym 
15 and a shape not including cutting edges and at least one 
of plastics and rubbers • 

21. A semiconductor device comprising {1) a 
semiconductor chip, and (2) a mounting member for 
mounting thereby the semiconductor chip while having 

20 contact therewith, said mounting member being composed 
of a composition comprising: alumina consisting of. 1 to 
20% by weight of finely divided * alumina having an 
average particle size smaller than 5 ym, the remainder 
of the alumina consisting of spherical corundum particles 

25 having a maximum particle size smaller than 150 ym and 
an average particle size of at least 10 ym as single 
particles and a shape not including cutting edges? and 
at least one of rubbers and plastics. 

22. An electronic part as set forth in claim 20 
30 or 21, wherein the mounting member is an insulating 

sealing member for the semiconductor chip. 

23. An electronic part as set forth in claim 20 
or 21, wherein the mounting member is a circuit sub- 
strate on which the semiconductor chip is mounted. 
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® Resin composition. 



© A resin composition having inorganic filler particles with an average particle size of from 0.05 to 150 urn 
incorporated in an amount of from 20 to 85% by volume based on the entire resin composition, wherein: 

(a) said particles comprise at least two groups of particles differing in the average particle size, 

(b) particles constituting a group of particles with the smallest average particle size, are spherical 
particles with an average particle size smaller than 5 urn, 

(c) a group or groups of particles with an average particle size larger than the particles of (b), are 
constituted by spherical particles, pulverized particles or a mixture thereof, 

(d) as between two groups of particles with their average particle sizes being close to each other, the 
ratio of the minimum particle size within a range defined by the standard deviation of the particle size 
distribution of the group of particles with a large average particle size, to the maximum particle size within a 
range defined by the standard deviation of the particle size distribution of the group of particles with a small 
average particle size, is at least 2, and 

(e) the proportion of the volume of the group of particles with a large average particie size, to the 
^ total volume of the two groups of particles with their average particie sizes being close to each other, is 
^ from 20 to 95% by volume. 
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RESIN COMPOSITION 



The present invention relates to a resin composition having an inorganic filler incorporated therein More 
particularly, it relates to a resin composition having a large content of an inorganic filler and yet having 
excellent moldability and flowability. a 

If .s known to incorporate various fillers for the purpose of reinforcing a resin or improving the properties 
of a resin. Such fillers include organic and inorganic materials. As a material containing a relatively larqe 
amount of an inorganic filler, there may be mentioned a filler for dental use or a sealant for semiconductors 
or for various electronics parts. 

For example. IC (integrated circuit) and LSI (large scale integration) are sealed with a sealant to protect 
the semiconductor elements from external impacts, moisture, heat and a-rays. As such a sealant ceramics 
or a resin .s mainly employed. Sealing with a resin (plastic sealing) is advantageous in that it is inexpensive 
and excellent for mass production. Plastic sealing by low pressure transfer molding by means of an epoxy 
resin having excellent air tight sealing properties and heat resistance, is particularly preferred and most 
commonly employed. 

However, in such plastic sealing, due to a stress caused by the difference in the thermal expansion 
coefficient between the silicon chip and the resin, aluminum wirings or bonding wires are likely to deform or 
break, or cracking of passivation and sealant is likely to take place to cause a change in the electrical 
propert.es of fhe integrated circuit or a deterioration of the moisture resistance. In order to reduce such a 
stress, it has been proposed to incorporate an inorganic filler to the resin to reduce the difference in the 
thermal expansion coefficient from the silicon chip. To reduce the difference in the thermal expansion 
coefficient by the addition of an inorganic filler to the resin, the larger the amount of the filler the better 
However, as the amount of the filler increases, the melt viscosity of the resin composition increases and 
flowability decreases, thus adversely affecting the moldability. 

Under the circumstances, it has been desired to develop a material having a large amount of a filler 
incorporated to reduce the difference in the thermal expansion coefficient and yet having excellent 
moldability. Such a demand increases as the trend for high integration or for large size semiconductor chips 
progresses. ~ H 

Heretofore, for resin compositions for sealing semiconductors, it has been proposed to use spherical 
silica as an inorganic filler (Nikkei New Materials. March 30, 1987, p. 32) or to use at least two types of 
silica diffenng .n the particle size (e.g. Japanese Unexamined Patent Publication No. 34052/1986) However 
neither one fully satisfies the above demand. 

The present inventors have conducted extensive researches with an aim to develop a resin composition 
having an inorganic filler incorporated, whereby a large amount of the filler may be incorporated and yet 
excellent moldability is attainable. It has now been found possible to accomplish this object by using as a 
filler at least two groups of inorganic filler particles differing in the average particle size, comprising a group 
of fine spherical particles with an average particle size of at most 5 urn and a group or groups of particles 
with larger particle sizes. Further, it has been found that the melt viscosity of the resin composition can 
further be improved by mixing the filler particles under certain specific conditions before incorporation 

The present invention provides a resin composition having inorganic filler particles with an average 
particle s.ze of from 0.05 to 150 urn incorporated in an amount of from 20 to 85% by volume based on the 
entire resin composition, wherein: 

(a) said particles comprise at least two groups of particles differing in the average particle size 

(b) particles constituting a group of particles with the smallest average particle size, are spherical 
particles with an average particle size smaller than 5 am, 

(c) a group or groups of particles with an average particle size larger than the particles of (b) are 
constituted by spherical particles, pulverized particles or a mixture thereof. 

(d) as between two groups of particles with their average particle sizes being close to each other the 
ratio of the minimum particle size within a range defined by the standard deviation of the particle size 
distribution of the group of particles with a large average particle size, to the maximum particle size within a 
range defined by the standard deviation of the particle size distribution of the group of particles with a small 
average particle size, is at least 2, and 

(e) the proportion of the volume of the group of particles with a large average particle size, to the 
total volume of the two groups of particles with their average particle sizes being close to each other is 
from 20 to 95% by volume. 

The present invention is concerned also with a composition obtained by dispersing and mixing in a 
polar orgnaic liquid the particles as defined by the above (a) to (e) and then incorporating them to a resin. 
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Now, the present invention will be described in detail with reference to the preferred embodiments. 
The resin used in the resin composition of the present invention may be a thermoplastic resin or a 
curable resin which may be cured by heat, light or microwaves or by a chemical reaction, such as a 
thermosetting resin or a photocurable resin. As the curable resin, an epoxy resin, a bismaieimide resin, a 

5 urea resin or an acrylate resin may be mentioned. Such a curable resin may contain a curing accelerator 
such as a photosensitizes a reaction accelerator or a catalyst, or a pigment, a releasing agent, a flexibility- 
imparting agent or other additives. As the thermoplastic resin, a polyoiefin such as polyethylene or 
polypropylene, a polystyrene, a polyamide, a polyethylene terephthalate. a polybutylene terephthalate. a 
polyacetal. a polycarbonate, a polyallylate. a polysulfone. a polyethersulfone, a polyether ether ketone, a 

to liquid crystalline polyester, a polyphenyiene sulfide, a polyamideimide, a polyimide, a polyetherimide or a 
polymethyl methacryiate, may be mentioned. However, the useful thermoplastic resin is not restricted to 
such specific examples. Further, it may contain a pigment or other additives. 

These resins may be used alone or in combination as a blend or a complex obtained by alloying two or 
more different kinds. 

;s The inorganic filler particles to be used in the present invention include spherical particles and 
pulverized particles of e.g. silica, alumina, titania, zirconia, titanium silicate, aluminum silicate, lithi- 
um 'aluminum silicate, magnesium •aluminum silicate, aluminum titanate, aluminum nitride and silicon 
nitride. However, the useful inorganic filler particles are not restricted to such specific examples. Further, 
two or more different types of fillers may be used in combination. 

20 The resin and the filler are suitably selected depending upon the particular purpose of use and the 
desired properties. For example, for the purpose of a sealant for semiconductors, it is usual to employ an 
epoxy resin. Various known epoxy resins may be used. To the resin, various additives such as a curing 
agent, a curing accelerator, a pigment, a releasing agent or a flexibility-imparting agent may be incor- 
porated. 

25 The inorganic filler is incorporated for the purpose of reducing the thermal expansion coefficient of the 
resin. Therefore, it is preferably the one having a low thermal expansion coefficient itself. In this respect, 
silica is most preferred. Further, the inorganic filler is required to be of high purity without substantially 
containing impure elements such as chlorine, uranium or thorium, in order to prevent corrosion of aluminum 
wirings or software malfunction. 

30 For the resin composition of the present invention, the inroganic filler particles with an average particle 
size within a range of from 0.05 to 150 urn are employed. If the average particle size is smaller than 0.05 
urn, the specific surface area of the particles tends to be large, whereby coagulation is likely to result, and 
it tends to be difficult to obtain a resin composition having particles incorporated at a high density. On the 
other hand, if particles with an average particle size exceeding 150 u.m are employed, when particles with a 

35 different particle size are mixed thereto and then the mixture is kneaded with a resin, followed by melt 
molding, such particles tend to be separated from the particles having the different particle size, whereby 
uniform mixing and uniform molding tend to be difficult. 

The inorganic filler to be used in the present invention is required to satisfy the following conditions: 

(a) the inorganic filler particles comprise at least two groups of particles differing in the average 
40 particle size; 

(b) among such groups of particles, particles constituting a group of particles with the smallest 
average particle size are spherical particles with an average particle size smaller than 5 urn, preferably at 
most 2 um, more preferably at most 1.0 urn; 

(c) a group or groups of particles with an average particle size larger than the particles of (b) are 
45 constituted by spherical particles and/or pulverized particles; 

(d) as between two groups of particles with their average particle sizes being close to each other, the 
ratio of the minimum particle size within a range defined by the standard deviation of the particle size 
distribution of the group of particles with a large average particle size, to the maximum particle size within a 
range defined by the standard deviation of the particle size distribution of the group of particles with a small 

so average particle size, is at least 2, preferably at least 5; and 

(e) the proportion of the volume of the group of particles with a large average particle size, to the 
total volume of the two groups of particles with their average particle sizes being close to each other, is 
from 20 to 95% by volume, more preferably from 50 to 90% by volume. 

These conditions (a), (b), (c), (d) and (e) will be described in further detail. 
55 The number of groups of particles differing in the average particle size is suitably selected taking into- 
consideration the particle size distributions of the respective groups of particles or the particle size ratio 
among the groups of the particles. 

The particles with an average particle size within a range of from 0.05 to 150 um as specified in the 

3 
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present invention, may theoretically contain up to twelve groups of particles when the particle size ratio as 
between the two close groups of particles as specified in (d) is 2 and the particles of each group are 
assumed to have a uniform particle size (i.e. no particle size distribution). However, when each group of 
particles has a particle size distribution, for example, when the standard deviation (a) of the particle size 
distribution is 1.2, the particles as specified in the present invention may theoretically contain up to 8 
groups of particles. When the standard deviation (a) of the particle size distribution is 1 2 and the particle 
size ratio is as specified in (d) is 5. the particles of the present invention may theoretically contain up to 4 
groups of particles. 

(b) .The spherical particles with an average particle size smaller than 5 urn as the group of particles with 
the smallest average particle size, are believed to be present in the spaces among particles of other larger 
particle sizes to increase the content of the filler and to serve as a lubricant to increase the slippage of the 
larger particles in the resin composition. However, if the average particle size of spherical particles exceeds 
5 am, they tend to hardly enter into the spaces among large particles. 

(c) As the group of particles with an average particle size larger than the particles of (b), spherical 
/s particles and pulverized particles may be used alone independently or in combination as a mixture. When it 

is desired to increase the filler content or the flowability of the resin composition, it is preferred to employ 
spherical particles. From the viewpoint of the costs, it is advantageous to use pulverized particles. Both 
types of particles may be used in combination. The blend ratio of the spherical particles and the pulverized 
particles may suitably be determined taking into consideration the properties and the cost of the resin 
20 composition. 

(d) As between two groups of particles with their average particle sizes being close to each other, if the 
ratio of the minimum particle size within a range defined by the standard deviation of the particle size 
distribution of the group of particles with a large average particle size, to the maximum particle size within a 
range defined by the standard deviation of the particle size distribution of the group of particles with a small 

25 average particle size, is less than 2, small particles tend to hardly enter into spaces among large particles, 
such being undesirable. 

(e) If the proportion of the volume of the group of particles with a large average particle size, to the total 
volume of the two groups of particles with their average particle sizes being close to each other, is less than 
20% by volume, the filler content tends to be small in such a state that large particles are scattered in the 

30 small particles. On the other hand, if the volume of the group of particles with a large average particle size 
exceeds 95% by volume, the filler content tends to be small, since the proportion by volume of small 
particles filling the spaces among large particles tends to be small relative to the increase of the spaces 
among large particles. 

In general, the particle size distribution of each group of particles is preferably narrow. For example, the 
35 standard deviation is preferably at most 2. more preferably at most 1.5, and most preferably at most' 1.2. 
However, in the actual situation, it is unnecessary to closely follow such standard deviation. 

Namely, when the particle size ratio as defined in (d) is considerably large i.e. when there is a 
substantial difference in the particle size between the major portions of the two groups of particles, small 
particles can adequately be packed in spaces among large particles even if the particle size distributions of 
40 the respective groups of particles are relatively broad, and no problem of void spaces will thereby be 
brought about. Accordingly, the particle distributions of the respective groups of particles may be selected 
suitably depending upon the particular case taking into consideration the particle size ratio as defined in (d). 

When the inorganic filler satisfying the above conditions for the shapes of the particles, for the average 
particle sizes, for the particle size distributions, for the ratios of the average particle sizes of particles and 
45 for the proportions of the volumes of the groups of particles, is kneaded with a resin and other additives, 
particles with small average particle sizes will effectively be packed in spaces among particles with 
relatively large average particle sizes, whereby it is possible to increase the inorganic filler incorporated to 
the total resin composition while maintaining a high level of flowability. 

In the resin composition of the present invention, the filler may be incorporated up to 85% by volume of 
so the resin composition. 

Even when the amount of the filler is small, it is possible to obtain a composition with the melt viscosity 
reduced over the resin composition containing the same amount of the filler obtained by the conventional 
method. 

The incorporated-amount is calculated by the following formula I: 

55 
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incorporated m W-particles/p-par tides 

amount (%) W-par ticles/p-par ticles+W-r esin/p-r esin * 

(I) 



W-particles: weight (g) of the incorporated filler 
p-particles: density (g/cm 3 ) of the filler 

W-resin: weight (g) of the incorporated resin (including additives) 

10 p-resin: density (g/cm 3 ) of the resin (including additives) 

For blending the inorganic filler to the resin, the inorganic filler and the resin, if necessary together with 
additives such as a curing agent or a pigment, are sufficiently uniformly mixed by e.g. a mixer, and melt- 
mixed by means of e.g. heat rolls, or kneaded by means of e.g. a kneader, followed by cooling for 
solidification to obtain a resin composition. 

7S However, when particles of at least two groups of particles differing in the average particle size, 

containing fine particles with an average particle size smaller than 5 am, are to be added and mixed with 
the resin as mentioned above under a dry condition, it is extremely difficult to attain uniform mixing, since 
the dispersion of the particles, particularly the dispersion of the fine particles, in the resin, can not 
adequately be conducted. Further, even when it is attempted to mix particles of at least two groups of 

20 particles containing such fine particles in a dry system, fine particles are likely to coagulate under such a 
dry condition, and the particles can not be mixed uniformly. Further, a wet system mixing in a solvent such 
as benzene or toluene was attempted, but it was impossible to obtain a uniform mixing. Even if such a non- 
uniform mixture is incorporated to the resin, the dispersion and mixing of the particles in the resin will be 
inadequate, whereby the above-mentioned high packing of the particles or the effect for the fiowability of 

25 the particles will hardly be attained. 

Under these circumstances, the present inventors have succeeded in preparing a resin composition 
having a filler containing fine particles uniformly dispersed therein, by dispersing and mixing in a polar 
liquid the groups of inorganic particles, followed by incorporation to the resin. As such a polar liquid, water, 
an alcohol such as methanol, ethanol or isopropanol, a glycol such as ethylene glycol or propylene glycol, 

30 dimethylformamide, or dimethylsulfoxide may, for example be used. The polar liquid is not restricted to 
such specific examples, and any polar liquid may be used so long as it is capable of dispersing the filler 
particles under a stabilized condition. Depending upon the particular purpose of the resulting resin 
composition, the polar solvent may sometimes be restricted. For example, when the resin composition is 
intended as a sealant for semiconductors, a halogen-containing polar liquid is undesirable. 

3 5 The amount of the polar liquid may be at any level so long as the filler particles can thereby be 
adequately dispersed. It is used usually in such an amount that the volume % of the filler particles to the 
sum of the filler particles and the polar liquid is from 5 to 85%. preferably from 10 to 60%. 

A usual dispersing or mixing means such as a ball mill or a supersonic dispersing machine may 
suitably be used for dispersing and mixing the filler particles in the polar liquid. 

40 For the dispersion and mixing of at least two groups of particles, the respective groups of particles may 
independently be thoroughly dispersed in the polar liquid, and the dispersions of the respective groups of 
particles in a slurry state may then be mixed, or all of said at least two groups of particles may be added to 
a polar liquid, followed by dispersing and mixing. 

The filler particles dispersed and mixed in the polar liquid are usually subjected to the removal of the 

45 polar liquid and dried, and then incorporated to the resin as described above. 

When the resin can be dissolved in the polar liquid used for dispersing and mixing the filler particles, 
the resin may be dissolved in the slurry of the polar liquid having the filler particles dispersed and mixed 
therein, followed by adequate mixing and then by evaporation and removal of the polar liquid to obtain a 
resin composition. 

50 In either case, a care is required to prevent separation of the particles (the separation is likely due to 
the difference in the sedimentation attributable to the difference in the particle size) or to prevent the 
separation between the resin and the particles, for example, by stirring, when the polar solvent is removed. 

According to the present invention, it is possible to increase the content of the inorganic filler without 
bringing about a reduction of the fiowability. Therefore, according to the present invention, it is possible to 

55 obtain a resin composition which has a high inorganic filler content and accordingly a small heat expansion 
coefficient, excellent heat resistance and yet has high fiowability and excellent moidability. Such a resin 
composition is suitable for various applications including an application as a sealant for semiconductors or 
as a filler for dental use. 
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For example, when the resin composition obtained in accordance with the present invention is used as 
a sealant for semiconductors, it is most common to use an epoxy resin as the resin and silica as the filler 
as mentioned above. It is also possible to use, as the resin, an imide resin, an acrylate resin, a liqu.d crystal 
polyester, a polyphenylene sulfide, a polyether ether ketone or a polyamide, and as the filler, alumina 
titanium silicate, aluminum silicate or aluminum nitride. 

As a method for sealing a semiconductor element by using the resin composition having a filler 
incorporated therein, low pressure transfer molding, injection molding, compression molding and casting 
may be mentioned. Among them, the low pressure transfer molding is most common. In the low transfer 
molding, the resin composition is firstly heated in a pot for plastization and then transferred under a low 
pressure (at a level of not higher than 70 kg/cm*) into a mold, followed by curing and molding The 
flowability of the molding material wnen heated for plastization substantially affects the moldability The 
flowab.l.ty can be evaluated, for example, by the content of particles which can be slurried and by 
measuring the viscosity by a flow tester, as a simple conventional method. 

Now, the present invention will be described in further detail with reference to Examples However it 
should be understood that the present invention is by no means restricted by such specific Examples 

In the followmg examples, silica was used as the inorganic filler, and a mixture of the resin and 
additives as .dentified in the following (1) was used as the resin. The blend proportion (% by volume) of the 
filler was calculated in accordancd with (2). The melt viscosity was measured in accordance with (3) 

(1) The resin mixture was prepared by mixing the following resin and additives, in which "Darts- 
means "parts by weight". 



Resin: 

Modifier: 
Releasing agent: 
Pigment: 



Cresol novolak epoxy resin 
Phenol novolak type curing agent 
Epoxy silane coupling agent 
Carnauba wax 
Carbon black 



100 parts 

50 parts 
2 parts 
2 parts 
1 part 



(2) Blend proportion (% by volume) of the filler 

The blend proportion was calculated in accordance with the foregoing formula I by applying the density p- 
res.n of the mixture of the resin and additives of the above (1) being 1.1 (g/crn^) and the density p-silica 
being 2.2 (g/cm 3 ). 

(3) Measurement of the melt visocisity 

The mixture of the resin and additives of the above (1) and silica as the filler, were kneaded at 80* C for 15 
minutes by heat rolls. The viscosity of the composition thus obtained was measured by a flow tester The 
flow tester had an orifice of 2 mm in diameter x 5 mm in length, and the measurement was conducted 
under a pressure of 10 kg/cmz at a temperature of 175° C. 



EXAMPLE 1 



90 g of monodisperse spherical silica particles with an average particle size of 0.9 um and a standard 
deviation ( 0 ) of 1.05 were added to 215 g of ethanol (volume ratio of silica/ethanol = 13/87) and dispersed 
for 24 hours by a ball mill. To the resulting slurry. 510 g of pulverized silica particles with an average 
particle size of 21 urn and a standard deviation (a) of 1 .4 were added to obtain a slurry (volume ratio of 
s.l.caethanol = 50/50). Then, the slurry was heated to 70 'C under stirring and mixing by means of a 
turbine vane type stirrer, whereby ethanol was removed by evaporation to obtain 600 g of preliminarily 
dispersed and mixed dry particles. 600 g of the particles were added to 200 g of the resin mixture (1) to 
obtain the proportions as identified in Table 1. and the mixture was kneaded, whereupon the melt viscosity 
of the composition thereby obtained was measured. 



EXAMPLE 2 



90 g of monodisperse spherical silica particles with an average particle size of 0.9 urn and a standard 
deviation („) of 1.05 and 510 g of pulverized silica particles with an average particle size of 21 urn and a 
Standard deviation (a) were added to 200 g of the resin mixture (1) without being preliminarily dispersed or 
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mixed in a polar liquid, and the mixture was kneaded, whereupon the melt viscosity was measured. 
COMPARATIVE EXAMPLE 1 

5 

600 g of pulverized silica particles with an average particle size of 21 urn and a standard deviation (a) 
of 1.4 were added to 200 g of the resin mixture (1) without being preliminarily treated, and the mixture was 
kneaded, whereupon the melt viscosity was measured. 

70 

EXAMPLE 3 

100 g of monodisperse spherical silica particles with an average particle size of 0.9 urn and a standard 
deviation (a) of 1.05 were added to 295 g of water (volume ratio of silica/water = 13/87) and dispersed for 

75 24 hours by a ball mill. To the slurry thereby obtained, 550 g of pulverized silica particles with an average 
particle size of 21 urn and a standard deviation (a) of 1.4 were added to obtain a slurry (volume ratio of 
silica/water = 50/50). The slurry was heated to 100* C under stirring and mixing by means of a turbine vane 
type stirrer, whereby water was removed by evaporation to obtain 650 g of preliminarily dispersed and 
mixed dry particles. The particles were added as the inorganic filler to 175 g of the resin mixture (1), and 

20 the mixture was kneaded, whereupon the melt viscosity of the composition thereby obtained was measured. 

COMPARATIVE EXAMPLE 2 

25 650 g of pulverized silica particles with an average particle size of 21 urn and a standard deviation (a) 
of 1.4 were added to 175 g of the resin mixture (1) without being preliminarily treated, and the mixture was 
kneaded, whereupon the meft viscosity of the composition thereby obtained was measured. 

30 COMPARATIVE EXAMPLE 3 

The same silica particles as used in Example 3 were used in the same ratio (total of 650 g), and they 
were added to 175 g of the resin mixture (1) without being preliminarily treated. The mixture was kneaded, 
whereupon the melt viscosity of the composition thereby obtained was measured. 

35 

COMPARATIVE EXAMPLE 4 

100 g of monodisperse spherical silica particles with an average particle size of 0.9 urn and a standard 
40 deviation (a) of 1.05 were added to 231 g of cyclohexane (volume ratio of silica/cyclohexane = 13/87), and 
it was attempted to disperse the mixture by a ball mill, but the obtained mixture was gel-like. To the gel-like 
mixture, 550 g of pulverized silica particles with an average particle size of 21 urn and a standard deviation 
(a) of 1.4 were added (volume ratio of silica/cyclohexane = 50/50), whereby a uniform slurry was not 
obtained with the powder scarcely wetted, and no adequate stirring and mixing were possible. The mixture 
45 was heated to 70 C, whereby cyclohexane was removed by evaporation to obtain 650 g of dry particles. 
The particles were added to 175 g of the resin mixture (1), and the mixture was kneaded, whereupon the 
melt viscosity was measured. 



so COMPARATIVE EXAMPLE 5 

100 g of monodisperse spherical silica particles with an average particle size of 0.9 um and a standard 
deviation (a) of 1 .05 were added to 260 g of benzene (volume ratio of silica/benzene = 1 3/87), and it was 
attempted to disperse the mixture in a ball mill, but the mixture became gel-like. To the gel-like mixture, 
55 550 g of pulverized silica particles with an average particle size of 21 um and a standard deviation (a) = 
1.4 were added (volume ratio of silica/benzene = 50/50), whereby a uniform slurry was not obtained with 
the^ powder scarcely wetted, and no adequate stirring and mixing were possible. The mixture was heated to 
70 C, whereby benzene was removed by evaporation to obtain 650 g of dry particles. The particles were 

7 



NSDOC1D <EP 



.03611 C9A1_I_> 



EP 0 361 109 A1 



added to 175 g of the resin mixture (1), and the mixture was kneaded, whereupon the melt viscosity was 
measured. 



COMPARATIVE EXAMPLE 6 

100 g of monodisperse spherical silica particles with an average particle size of 0.9 urn and a standard 
deviation (a) of 1.05 were added to 260 g of toluene (volume ratio of silica/toluene = 13/87) and it was 
attempted to disperse the mixture in a ball mill, but the mixture became gel-like. To this gel-like mixture 
550 g of pulverized silica particles with an average particle size of 21 urn and a standard deviation (a) of 1 4 
(volume ratio of silica/toluene = 50/50). whereby a uniform slurry was not obtained with the powder 
scarcely wetted, and no adequate stirring and mixing were possible. The mixture was heated to 100°C 
whereby toluene was removed by evaporation to obtain 650 g of dry particles. The particles were added to 
175 g of the resin mixture (1). and the mixture was kneaded, whereupon the melt viscosity was measured. 

EXAMPLE 4 

80 g of monodisperse spherical silica particles with an average particle size of 0.5 urn and a standard 
deviation (a) of 1.05 and 590 g of spherical silica particles with an average particle size of 22 urn and 
standard a deviation (o) of 1.4 were preliminarily dispersed and mixed in ethanol in the same manner as in 
Example 1. and then ethanol was distilled off to obtain 670 g of dry particles. The particles were added to 
165 g of the resin mixture (1). and the mixture was kneaded. The melt viscosity of the composition thereby 
obtained was measured. 



EXAMPLE 5 

130 g of monodisperse spherical silica particles with an average particle size of 0.5 urn and a standard 
deviation {a) of 1.05 and 560 g of spherical silica particles with an average particle size of 22 urn and a 
standard deviation (o) of 1.4 were preliminarily dispersed and mixed in ethanol in the same manner as in 
Example 4. and then ethanol was distilled off to obtain 690 g of dry particles. The particles were added to 
155 g of the resin mixture (1), and the mixture was kneaded. The melt viscosity of the composition thereby 
obtained was measured. 



COMPARATIVE EXAMPLE 7 

Spherical silica particles with an average particle size of 22 urn and a standard deviation (a) of 1 .4 was 
added to the resin mixture (1) to obtain the proportions as identified in Table t without being preliminarily 
treated with ethanol, and the mixture was kneaded. The melt viscosity of the composition thereby obtained 
was measured. 



EXAMPLE 6 

80 g of monodisperse spherical silica particles with an average particle size of 0.5 urn and a standard 
deviation (a) of 1 .05 were added to 274 of methanol (volume ratio of si lica/m ethanol = 1 0/90) and dispersed 
for 24 hours in a ball mill. To the slurry thereby obtained. 190 g of spherical silica particles with an average 
particle size of 7 um and a standard deviation (a) of 1.2 and 490 g of spherical silica particles with an 
average particle size of 26 um and a standard deviation {a) of 1 .2 were added to obtain a slurry (volume 
ratio of silica/methanol = 50/50). The slurry was then heated to 60° C under stirring and mixing by means 
of a turbine vane type stirrer, whereby methanol was removed by evaporation to obtain 760 g of 
preliminarily dispersed and mixed dry particles. The particles were added to 120 g of the resin mixture (1) 
to obtain the proportions as identified in Table 1. and the mixture was kneaded, whereupon the melt 
viscosity was measured. 
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EXAMPLE 7 

60 g of monodisperse spherical silica particles with an average particle size of 0.9 am and a standard 
deviation (a) of 1.05 were added to 215 of ethanol (volume ratio of siiica/ethanol = 9/91) and dispersed for 

5 24 hours in a ball mill. To the slurry thereby obtained, 150 g of spherical silica particles with an average 
particle size of 26 am and a standard deviation (a) of 1.2 and 390 g of pulverized silica particles with an 
average particle size of 138 am and a standard deviation (a) of 1.4 were added to obtain a slurry (volume 
ratio of siiica/ethanol = 50/50). Then, the slurry was heated to 70 'C under stirring and mixing by means of 
a turbine vane type stirrer, whereby ethanol was removed by evaporation to obtain 600 g of preliminarily 

io dispersed and mixed dry particles. The particles were added to 200 g of the resin mixture (1), and the 
mixture was kneaded, whereupon the melt viscosity was measured. 



COMPARATIVE EXAMPLe 8 

15 

The spherical silica particles with an average particle size of 26 am and a standard deviation (a) of 1 .2 
and the pulverized silica particles with an average particle size of 138 am and a standard deviation (a) of 
1.4 were added to the resin mixture (1) to obtain the proportions as identified in Table 1 without being 
preliminarily treated with ethanol, and the mixture was kneaded. The melt viscosity of the composition 
20 thereby obtained was measured. 



25 



30 



35 



40 



45 



50 



55 



9 



036l1C9At_l > 



EP 0 361 109 A1 









J-i 






*H 


c 




03 


•w 


c 


O 


01 


o 


u 


Of 


«H 


CO 










-w 


> 




CO 






o 






a 


1— < 




e 


0) 








0 


8 



u 

07 
JJ 

03 

ai 
£ 0) 

O «H 

i-< o 



70 



w CP 

o c 

CO 

-H 07 U 

cr » h 

<~-t ~4 -H 



rv 



•H ^ i( ^. ^ 

•* rti m 1 







« 












«-» 












<0 


00 




• 


1 • 


3 


o j 




CO 




in 


to 






01 






E 






jj 






o 






z 



14 



75 



01 
Of 



20 



25 



C 

o 



0) 

a 

E 
O 

u 



0) 
01 

u 
oj 



07 

^ 6 

(tJ 9 
•U iH U 
O O H Q 
tH > <0 Bi 



to 



2 « wo 



0) in 
x: • 
Q* o 



u 



vo 



07 
t—K 

« 
u 

0) 
<0 
07 
E 

o 
z 



0) 

X) 

10 

u 

3 
01 
(0 
0> 

e 
jj 

o 
z 



I 07 
O C 

u x 

^ 0) 
CJ JC 



in 
to 



in 
to 



m 
vo 



« 

0) 



<0 
u 

3 

03 
(0 
<U 

E 

jj 
O 

z 



01 

c 

0> 
N 

c 

0J 
CD 



in 
vo 



OJ 

•-I 
XI 

10 
W 
3 
10 
0 
07 

£ 
O 

z 



0) 

c 

0) 
3 

o 



in 
vo 



30 



07 
i-l 
-Q 



35 



40 



03 
O) 



B 

03 

T3 



07 

CP 

u 

m 



o 



u 



OA ON 



07 

H 

to 



u 

07 <N 

x: cm 

V3 



O S 

•h a 

u 

07 VO 

£ CM 

Qj — 

CO 



45 



in in 



vo 



50 



55 



07 01 

O C7» 

a io u 

D u u ^ ^ 

CU 0J XI oi 

5) H > U N 

to ca w Qj to 



i-H 


CN 


CO 


0) 


i— i 




a 


a 


E 


E 


(0 


«5 


X 


X 


w 


t*J 









1 






<5 




07 


u 






ftl 




a. 


a 


QJ 


e 


B 


> 


CO 


O 




X 


CJ 


JJ 


CO 



0» 







CM 






t 






1 








01 


(0 




w 






u 




(0 




a 


aj 




a 




E 


a 


07 


e 


> 


CO 


E 


> 


o 




X 


O 




u 


JJ 


co 


CJ 





n 


1 






1 




07 


a 




07 


<a 




«-} 


u 




«-( 


u 




CL 


<o 




a 


#0 




E 


& 


o 


E 


a 


0) 


O 


e 


> 


flj 


s 


> 


X 


o 




X 


o 




CO 


CJ 


-XJ 


0} 


CJ 





in 

07 



10 



SDOCID <EP 



0361 1C9A1_I_> 



EP 0 361 109 A1 



10 



15 



20 



25 



30 



T3 
0» 
3 



C 

8 



01 
«H 
JQ 

(0 



35 



40 



±j . — . 

•H C wi 

O -H C 01 

O 05 O U 

O O) -H CI 

(0 U J C) 

-H 4J — * 

> o» « <w 

J= 0 3 tn 

±> -V Cu O ~4 

S ^ O 

0> «U O fa 0i 

s: o o *~ w 



JO 

<c 
w 

(0 

ai 
6 

O 

z 



CM 



iw CD 

O C 

U_l *h 

09 

•h o» o 

3 Pi -h 

•H *H «H 



o 

c 
a 

w 



o 

c 

.C 



o 

e 

0) 



c 
o 



01 

o 
o* 

£ 
O 

a 



en 
at 



at 



01 
0J 



4J 

(9 
Q* 



E 

c 
a> 

w 

to 



O 



45 



C 

at 
u 
w 

a> 

e 



o 



ai 



O) o 

rH £ -H 

19 S 4-> 

JJ rH rH U 

o o rH <o 

^ > to a 



vo 



o\ 



r-J 

vo 



o £ 

oj m 
x: * 
a o 
co 



■*H *** 

w 

rH 

ij E 
to 



o E 

■h a 

Li 

o» cm 

£ CM 

a w 
cn 



ca 

U E 
U 

a? vo 

£ CM 

a — 



cn 



60 



ON 



OV 

to 



vo 

tn 



50 



I 

u 
Ot 

> T3 
rH OJ 



e 



CM 



I E 

u 3. 

41 

> *D CO 

rH 01 C5 

3 N 

Ol — » 



55 



y_l 0) 0) 

O CT> *H 

<3 03 U 

or o u *-* 

04 «H Ot «U 0) 

A3 «H > U N 

w « — a W 



Ot 
rH 

a 

E 

x 

to 



to 

Ot 
rH 
& 

E 
(0 



I 

to 
u 

ta 

04 0) 
E > 
O *H 



01 
rH 

a 

E 

(Q 
X 



vo 

Ol 
rH 
Oi 
E 
03 
X 

ca 









a» 




rH 




-Q 




10 




Wi 


• 


3 


cn 


0) 




A 


rH 


at 




£ 








O 




z 



o 

c 

A3 
-C 
j-> 

fid 



VO 



O 

vo 



vo 



av 
cn 



a, 

E 
<c 

X 

w 



Ol 



CO 

I 

flj 

Wi rH 

(0 Oi 

a o> s 

e > « 

O -H X 

U u 



11 



UMSDOCID <EP 



.035 1 1C3A1_I_> 



EP 0 361 109 A1 



It is evident from Table 1 that with respect to the resin containing 60% by volume of the filler the 
composition of Comparative Example 1 wherein the filler was composed solely of pulverized particles ' had 
a melt v.scosity of 110.3, whereas the composition of Example 2 wherein a part of such particles' was 
substituted by spherical fine particles (average particle size: 0.9 urn), had a melt viscosity as low as 99 6 
Further, the composition of Example 1 wherein the same two groups of particles were used in the same 
composition and preliminarily treated with ethanol, had a still lower melt viscosity of 79 2 thus indicating 
improved flowability. Also with respect to the composition containing 65% by volume of the filler the 
composition of Example 3 wherein two groups of particles i.e. spherical fine particles and pulverized 
particles, were used and preliminarily treated with water, had a melt viscosity of 151 8 whereas the 
composite of Comparative Example 2 wherein only one type of silica particles was used and the 
compositions of Comparative Example 3 to 6 wherein two groups of silica particles were employed but no 
pretreatment was conducted, or treatment was conducted with a non-polar solvent, did not pass through the 
orifice, and it was impossible to measure the melt viscosity. 

Claims 

1. A resin composition having inorganic filler particles with an average particle size of from 0 05 to 150 
urn incorporated in an amount of from 20 to 85% by volume based on the entire resin composition 
wherein: 

(a) said particles comprise at least two groups of particles differing in the average particle size. 

(b) particles constituting a group of particles with the smallest average particle size, are spherical 
particles with an average particle size smaller than 5 urn, 

(c) a group or groups of particles with an average particle size larger than the particles of (bJT, are 
constituted by spherical particles, pulverized particles or a mixture thereof, 

(d) as between two groups of particles with their average particle sizes being close to each other, the 
ratio of the minimum particle size within a range defined by the standard deviation of the particle size 
distribution of the group of particles with a large average particle size, to the maximum particle size within a 
range defined by the standard deviation of the particle size distribution of the group of particles with a small 
average particle size, is at least 2, and 

(e) the proportion of the volume of the group of particles with a large average particle size to the 
total volume of the two groups of particles with their average particle sizes being close to each other is 
from 20 to 95% by volume. 

2. The composition according to Claim 1 , wherein the inorganic filler particles are first dispersed in a 
polar liquid and then incorporated to a resin. 

3. The composition according to Claim 2, wherein the polar liquid is at least one member selected from 
the group consisting of water, an alcohol, dimethylsuifoxide and dimethylformamide. 

4. The composition according to Claim 2, wherein the polar liquid is methyl alcohol or ethyl alcohol. 

5. The composition according to Claim 1 or 2. wherein the resin is an epoxy resin, and the inorganic 
filler is silica preliminarily treated with an alcohol. 

6. The composition according to any one of Claims 1 to 5, wherein the particles constituting a group of 
particles with the smallest average particle size, are spherical particles with an average particle size of at 
most 2.0 urn. 

7. The composition according to any one of Claims 1 to 6. wherein as between the two groups of 
particles with their average particle sizes being close to each other, the ratio of the minimum particle size 
w.th.n a range defined by the standard deviation of the particle size distribution of the group of particles with 
a large average particle size, to the maximum particle size within a range defined by the standard deviation 
of the particle size distribution of the group of particles with a small average particle size, is at least 5. 

8. The composition according to any one of Claims 1 to 4, 6 and 7. wherein the inorganic filler is at 
least one member selected from the group consisting of silica, titania. alumina, zirconia. titanium silicate, 
aluminum silicate and aluminum nitride. 

9. The composition according to any one of Claims 1 to 4 and 6 to 8, wherein the resin is at least one 
member selected from the group consisting of an epoxy resin, an imide resin, an acrylate resin, a liquid 
crystal polyester resin, a polyphenylene sulfide, a polyether ether ketone, and a polyamide. 

10. The composition according to any one of Claims 1 to 9, which is used as a sealant for a 
semiconductor integrated circuit. 

1 1 . A process for preparing a resin composition having a large content of an inorganic filler and yet 
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having a low viscosity, which comprises dispersing and mixing in a polar liquid an inorganic filler consisting 
essentially of inorganic particles having an average particle size of from 0.05 to 150 urn, wherein: 

(a) said particles comprise at least two groups of particles differing in the average particle size, 

(b) particles constituting a group of particles with the smallest average particle size, are spherical 
5 particles with an average particle size smaller than 5 urn, 

(c) a group or groups of particles with an average particle size larger than the particles of (b). are 
constituted by spherical particles, pulverized particles or a mixture thereof, 

(d) as between two groups of particles with their average particle sizes being close to each other, the 
ratio of the minimum particle size within a range defined by the standard deviation of the particle size 

to distribution of the group of particles with a large average particle size, to the maximum particle size within a 
range defined by the standard deviation of the particle size distribution of the group of particles with a small 
average particle size, is at least 2, and 

(e) the proportion of the volume of the group of particles with a large average particle size, to the 
total volume of the two groups of particles with their average particle sizes being close to each other, is 

75 from 20 to 95% by volume, and then, if necessary, after the removal of the liquid, incorporating the filler to 
a resin in an amount of from 20 to 85% by volume based on the entire resin composition. 
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Compliant thermally conductive compound. 

A compliant thermally conductive, preferably dielectric, 
compound that enhances the power dissipation capability of 
high-powered electrical components such as bipolar VLSI 
semi-conductor chips. The compound has chemically stable 
thermal conduction and viscosity properties, is not subject to 
phase separation during use and may be applied in small gaps 
to maximize thermal conduction. The compound preferably 
comprises a liquid carrier having thermal filler particles 
dispersed therein and a coupling agent having a functionality 
which is reactive with the calcined surface of the thermal filler 
particles, and a functionality having preferential wetting of the 
thermal filler particles over self-condensation. Additional addi- 
tives such as fumed silica and polyisobutylene enhance the 
phase stability and resistance to thermo-mechanical shear 
force degradation of the thermally conductive compound 
encountered during functional usage, e.g., fluctuating power 
cycles. 
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Description 

COMPLIANT THERMALLY CONDUCTIVE COMPOUND 

The present invention relates to high thermal conductivity, nonbleeding greaselike compounds havinq a hiah 
VLSI chipr 8 ^ WhlCh Prlmarily 35 a heat transfer means for coolin 9 e ' e <*ronic components such as 

With the high density capabilities and fast switching speeds afforded by VLSI chips, various improved means 
of dissipating the unprecedented amounts of heat generated by VLSI chips and other solid state components 
have been pursued. One such means is a thermal compound commonly referred to as thermal grease which is 
most commonly used to conduct heat from area arrays of solder-ball attached integrated circuit chips of a 
packaging module to a heat conducting means or a heat sink as shown in FIG. 1 . As VLSI density increases so 
does the power of each chip and the associated packaging module when multichip modules are used The 
requirements associated with cooling high-powered chips (e.g., state of the art bipolar chips may generate 60 
watts per square cent.meter area or greater) dictate that the thermal conduction compounds such as thermal 
grease must have a high thermal conductivity (and preferably being an electrical insulator) while being of low 
viscosity and compliant so that the thermal compound can be easily applied to the surfaces of the chips to be 
cooled and can conform ultimately with the microscopically rough surface of the chips, which are often bowed 
or tilted to minimize air gaps which are detrimental to the cooling process. Low viscosity is also required 
because the chips and solder bonds that usually attach the chips to a substrate are fragile and the force 
apphed by the thermal grease to the chip must be minimal in magnitude while maximum in contact to minimize 
interface thermal resistance so that a good thermal path is formed. It is a further requirement that the thermal 
grease compound be able to withstand power cycling at high chip powers with the attendant mechanical 
stresses arising from the differences in coefficients of thermal expansion of the various material systems over 
the life of a module without the compound degrading significantly in thermal conductivity or mechanically such 
as experiencing phase separation between the liquid and solid components of the compound 

There are numerous thermal grease compounds available in the art. Heretofore, however, none have 
satisfied the combined requirements of high thermal conductivity, high electrical resistivity low viscosity 
compliance, and resistance to phase separation or degradation in property stability (thermal conductivity" 
viscosity, etc.) of the present invention. For example, U.S.-A-3. 405.966 teaches the use of particles such as 
boron nitr.de or silicon dioxide in a dielectric fluid such as mineral oil for the purposes of conducting heat from 
electrical devices and equipment. The use of the U.S-A-3.405.966 thermal grease in state of the art VLSI 
systems wherein chip powers exceed 30-60 watts per square centimeter has been found not to be adequate 
because the heat conductive particles separate from the dielectric liquid carrier when the chips experience 
fluctuate power cycling during their operation, (chips experience temperature differences of greater than 50 
degrees centigrade between the inactive and fully active states). This phase separation leads to a decrease in 
thermal conductivity wherein the thermal compound would eventually not be adequate to dissipate the 
required amount of heat from the semiconductor chips. 

U.S.-A-3.882.033 to Wright teaches that organopolysiloxane grease compositions having good dielectric 
and heat transfer properties can be obtained by utilizing certain proportions of poly-siloxane fluid, a dielectric 
desiccant selected from anhydrous calcium sulfate and synthetic zeolites, and a grease thickening and 
thermal conducting agent. Materials such as anhydrous calcium sulfate and synthetic zeolite have lower 
intrinsic thermal conductivities compared with the particles described in the present invention. Also no means 
or process is shown for achieving high particle packing density to further increase thermal conductivity or to 
inhibit separation of the particles from the liquid carrier in such pastes in contact with chips operating at hiqh 
and fluctuating power cycling. 

A flexible heat conducting sheet having thermally conducting boron nitride particles dispersed within is 
described in the IBM TDB dated April 1983, pp. 5740-5743 by Lacombe et al. Lacombe et al. used 
polyisobutylene (PIB) as the organic carrier which has a very high loading density of boron nitride particles in 
tne carrier. This is not suited for the present application wherein low viscosity and compliance is required in a 
mo^i.e dielectric medium so that the thermal compound can intimately conform to the semiconductor devices 
oo to be cooled. 

The thermal compound must also be applied as a thin layer so that the thermal path is as small as possible 
♦t ?r a " 9aP rGSUltS m excessive mechanical shear stress on the thermal compound that, when combined 
with thermal stress from high temperatures and power cycling, causes phase separation during power cycling 
of thermal compounds heretofore known. Low viscosity is also required to accommodate chip tilt and any chip 
surface irregularities while the thermal grease compound must exhibit rapid stress relaxation to limit the 
amount of force transmitted to the chips. 

IBM TDB dated March 1983, pp. 5322 by Mondou et al describes the use of boron nitride particles in a 
poly(alphaolefin) carrier with wetting agents incorporated therein. The particles in Mondou et al are not at a 
nigrter surface energy than the carrier, thus wetting of the particle surfaces by the organic carrier is not 
spontaneous. This reference does not suggest the unique characteristics required and taught by the present 
e/rrJrli Wh ' Ch al, ° W f ° r high thermai conductivity, high electrical resistivity, low viscosity, and chemical 
stability (does not oxidize or cause corrosion, keeps thermal conductivity and viscosity relatively constant) 
wniie eiininatmg phase separation during power cycling. A similar thermal grease is described by Mondou et al 
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in the IBM TDB dated March 1983, pages 5320-21 wherein it is indicated that the thermal conductivity is greater 
than 1,25 Watts per meterdegree C (W/m°C). This compound also will not provide high thermal conductivity 
while also providing low viscosity and eliminating phase separation during power cycling of the high powered 
chips required in state of the art VLSI and VLSI applications. 

IBM TDB to Aakalu et ah dated Dec. 1981 , pp. 3530 employs a thermally conductive powder dispersed in a 5 
mobile hydrocarbon fluid, resulting in a dielectric medium. Aakalu et al. teach the use of hydrated silica to 
enhance the resistance of the thermal grease to phase separation. The thermal conductivities achieved by this 
thermal grease are In the range of 1 Watt per meterdegree C with 71 ,4 weight percent boron nitride loading. 
This relatively high loading results in a paste having a viscosity that causes the paste to be not mobile enough 
to be placed into thin gaps without threatening either cracking large area chips and/or their associated solder 10 
bonds when applied thereto. In addition to the relative high viscosity of the Aakalu et al. TDB, it has been found 
by the inventors that phase separation occurs if this type of compound is powered at high fluctuating power 
cycling levels, causing a mechanical shearing of the applied thin film of the thermal grease compound, i.e. in 
the range of greater than 30 to 60 W/cm2. 

U.S.-A-4.265.775 to Aakalu et al. describes a thermal filler powder of laminar or dendridic shapes in a 75 
silicone liquid carrier which incorporates silica fibers to help prevent bleeding of the particles from the liquid 
carrier due to its high surface area. Even though this disclosure inhibits bleeding for certain applications, it has 
been found that at repeated power cycling and chip temperatures over 80° C that bleeding is not prevented by 
the addition of mere silica alone. Moreover, the wetting agents and liquid carrier described in the 
U.S.-A-4.265.775 thermal compound are not suitable for the present application because they cannot be 20 
removed completely by solvents; and thus causes metallurgical non-wetting problems during rework of solder 
joints, and contamination of other surfaces in muttichip packages and the tooling (i.e. furnaces, etc.) used for 
assembling such packages. 

In view of the above there exists a need in the art for stable thermal conducting compounds having a high 
thermal conductivity and high electrical resistivity, while also having a relatively low viscosity so that compound 25 
exists as a mobile medium which can easily be applied and conformed to, and wet the surface of the chips to 
be cooled while not exerting forces to crack the chips or 9older bonds which attach the chips to substrates. It 
is also required that there be no phase separation between the liquid carrier and thermally conductive 
particles, or degradation in viscosity or thermal conductivity during power cycling of high powered VLSI and 
VLSI chips and that the thermal compounds are capable of being applied in thin layers so that the total thermal 30 
resistance path through the thermal compound is as low as possible. The thermal compound must also be 
capable of withstanding reciprocating mechanical shear stress during power cycling. Such thermal mechanical 
stressing occurs when the thermal compound is in the small gap between a chip and an internal thermal 
enhancement such as a spring loaded piston as shown in FIG. 1B, or between the chip and a cap as shown in 
FIG. 1A. There is also a need for the compound to be readily cleanable from chips and metal surfaces to 35 
facilitate rework of chips. 

A primary object of the present invention is to provide a phasestable, thermally conductive compound, 
having a relatively constant thermal conductivity and viscosity, for transferring heat form electronic 
compounds, such as integrated circuit chips, wherein no phase separation occurs between the thermally 
conductive particles therein and the dielectric liquid carrier when the compound is exposed to high heat loads 40 
(i.e. 30-60 W/cm2 or greater) with temperature variations during power cycling. 

A further object of the present invention is to provide such compounds having a relatively high packing 
density of thermally conductive particles and high thermal conductivity, while also having a low viscosity so 
that the compound is a mobile medium which can be applied easily and conform to the surface of integrated 
circuit chips, without cracking the chips or solder bonds between chips and substrate. 45 

It is a further object that the thermally conductive compound be capable of wetting surfaces when being 
applied in thin layers in gaps to provide as low a stable thermal resistance as possible, and withstand the shear 
forces without phase separation that result when such a compound is applied to a thin gap between an 
integrated circuit chip and internal thermal enhancement device which are subjected to fluctuating power 
densities causing thermomechanical stressing of the thermal compounds. 50 

Still further objects are that the thermally conductive compound be electrically insulating so that the 
electrical function of the integrated circuit chip will not be interfered with and that the compound be cleanable 
in common to facilitate rework. 

A further object is that the particles be evenly dispersed in, and wet by, the liquid carrier and do not 
flocculate during use. 55 

A further object is that the thermally conductive compound be solvent cleanable from surfaces of materials 
used in the semiconductor packaging industry. 

These objects as well as other advantages are accomplished by the present invention which provides a 
phase-stable, thermally conductive compound having at least a dielectric, (preferably a chemically saturated 
oily hydrocarbon liquid carrier;) thermal filler particles of higher surface energy than the liquid vehicle, and a 60 
high thermal conductivity, such as calcined boron nitride or aluminum spheres having an anodized aluminum 
coating evenly dispersed through the carrier; and a coupling agent from the class of organometallics, (e.g., 
from the group of organosilanes, organo-titanates, organoaluminates, or organozrrconates), having a 
functionality which is reactive with the surface of the particles, and a functionality having a preferential wetting 
of the particles over selfcondensation. The preferred thermal compound also contains high surface area 65 
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fumed silica to resist the propensity of the oily liquid to separate from the compound at extremely high 
operating temperatures or during excessive power cycling over extended periods of time; as well as a 
chemically stable polymer (e.g., polyisobutylene) which further prevents phase separation when it is applied in 
a way to foster preferential adsorption on the particles and thereby stabilize the dispersion, (i.e. resist 
flocculation of particles). The compound is of low viscosity and has low surface energy to conform to and wet 
the surface of the chips of varying roughness, tilts, and heights, (e.g. preferably viscosity between 
approximately 2 million centipoise and approximately 20 million centipoise), while having a high particle 
packing density for maximum thermal conductivity and maintaining consistent particle dispersion through-out, 
preventing phase separation because the absorbed polymer serves to prevent intrinsic aggregation of 
particles through entropic repulsion, and concomitantly has a chemi cal structure similar to that of the 
hydrocarbon oil to cause an affinity between them. To best accomplish this, it is most preferred that the 
thermal filler particles be cubic or spherical in shape for optimum loading and minimum viscosity. The phase 
stable compound is not corrosive to materiais usually used in high performance VLSI packages such as solder, 
copper, molybdenum, chromium, ceramic, etc. and is easily and completely removable from such materials by 
simple organic solvents so that packages may be metallurgical^ reworked without experiencing nonwettable 
metallurgical surfaces due to residual low surface energy organic residues. A process sequence that must be 
followed to successfully make the stable thermally conductive compound is also disclosed. 

FIGS. 1A and 1B show typical semiconductor packages in which the thermal compound of the present 
invention may be used. 

FIG. 2 is a graph of the resistance to phase separation and power cycle lifetimes as a function of 
viscosity of various thermal compounds within the scope of the present invention. 

FIG. 3 is a flow chart depicting the preferred process for forming the phasestable and thermally stable 
conductive compound of the present invention. 
The present invention provides a novel thermally conductive greaselike compound which has heretofore not 
existed in the an, and which has advantages and performance that was not heretofore possible in the art. The 
thermally conductive compound is of low viscosity, typically in the range of 2 million to 20 million centipoise at 
100°C, which makes it a low viscosity greaselike or pastelike substance which is compliant enough to follow 
the contour of and chemically wet semiconductor chips or the cooling surfaces in contact with semiconductor 
chips mounted on a packaging substrate regardless of variations in chip tilt or chip height which are 
commonplace in state of the art multichlp modules, especially those using area arrays of solder balls for chip 
connections as described in U.S.-A-3.495.133, entitled "Circuit Structure Including Semiconductive Chip 
Devices Joined to A Substrate by Solder Contacts". Specific components of working examples made in 
accordance with the thermally conductive greaselike compound of the present invention are listed in TABLE I, 
wherein specific thermal filler particles are dispersed throughout a chemically matched liquid carrier, and 
selected classes of additives which enhance dispersion and stability are incorporated. The liquid carrier is 
typically an oily, solvent cleanable dielectric fluid, preferably a hydrocarbon liquid carrier, which is nonpolar and 
chemically saturated so that it does not absorb moisture and thereby cause corrosion of thin metal films in the 
module. The liquid carrier retains the thermal filler particles which are evenly dispersed throughout the liquid 
carrier and remain dispersed through the life of the compound due to the novel formulation disclosed herein. 
For the resulting compound to be mobile and compliant, the liquid carrier should typically have a viscosity of 
approximately 30 centipoise to about 500 centipoise at 100°C. Preferred are nonpolar, low surface energy 
organic fluids having a viscosity of 40 to 150 centipoise at 100°C. Dielectric fluids such as mineral oil and 
synthetic mineral oil (e.g., synthetic poly(aiphaolefin)), are acceptable, and preferred are fluids which can be 
represented by the the following chemical formula: 

R R 



-(C-C)- x 



R R 

where X is 6 - 50 

and R is H, or alkyl substituents. 

The most preferred liquid carrier is chemically saturated poly(alpha-olefin) having a viscosity of 
approximately 80-120 centipoise at 100°C. The polarity of the carrier should preferably match the polarity of 
certain additives which will be described hereinafter. The polarities should match because this promotes 
mutual affinity so that phase separation is minimized. It is most preferred that the polarity of the carrier be 
nonpolar so that the affinity for moisture will be low and corrosion will not occur. 

The thermal filler particles exhibit a relatively high thermal conductivity, (for example, boron nitride, 
vanadium boride, and aluminum spheres coated with an anodized aluminum coating, and combinations 
thereof). The preferred shape is uniform spheres or cubes so that packing density is maximized while 
providing a low viscosity of the dispersion of particles in an oily nonpolar vehicle that enables uniform 
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dispersion of particles and inhibits flocculation. Even though uniform spheres or cubes are most preferred, the 
present invention meets the above objects with thermal particles of alternative shapes such as platelets. The 
higher packing density aids in the reduction of phase separation, and provides a conduction system that 
facilitates high thermal conductivity. Dispersion of the particles, reduction of phase separation and lower 
viscosity are further facilitated by the addition of a coupling agent, which will be described hereinafter. 5 

The particles are preferably electrical insulators so that they can readily be utilized in multichip modules 
used in VLSI computer systems which in many instances require electrical isolation between chips on the 
multichip modules. It is imperative that the thermal filler particles be higher in surface energy than the liquid 
carrier so that the liquid carrier adequately wets the particles. This is accomplished by treating the particles so 
that they are free of contaminants, particularly adsorbed organic compounds. It has been found that this is to 
most efficiently done if the thermal filler particles are calcined. Alternative methods such as RF plasma ashing 
may be used to treat the surface of the particles. In the working examples that follow, all particles are calcined 
unless otherwise noted. The preferred volume percentage of thermal filler particles in the liquid carrier is 
between approximately 25% and 65<>/o and foreseeably could be higher depending on the required compliance 
of the thermal compound. Even though it is commonly practiced by those skilled in the art to increase the 15 
volume concentration of the thermal filler particles to increase the thermal conductivity of thermal compounds 
such as thermal grease, it has been found in the present invention that very high packing densities make the 
resulting thermal compound noncompliant, and sensitive to mechanical fracture during power cycling, and that 
such high packing densities do not necessarily result in the highest thermal conductivities. It is preferred that 
the aforementioned treated thermal filler particles be oleophilic after treatment so that the particles will be 20 
wetted by the low surface energy, solvent cleanable liquid carrier to facilitate dispersion and rework. The novel 
combination of liquid carrier and thermal filler particles described above in addition to the other components of 
the present invention to be described hereinafter and their relative proportions provide a high- thermal 
conductivity of greater than 1,3 W/m°C while being compliant and meeting the phase separation criteria as 
well as other objectives of the present invention. 2 5 

A critical component of the present invention is a coupling agent. Preferably, the agent is applied on the 
particle surfaces, and functions to decrease the phase separation between the liquid carrier and thermal filler 
particles and foster lower viscosities by dispersing the thermal filler particles and preventing their flocculation 
at high power densities, which are encountered in state of the art VLSI modules. The coupling agent has at 
least one functionality which Is reactive with the preferably calcined surface of the thermally conductive filler 30 
particles and at least one functionality which is of similar polarity as the liquid carrier. The coupling agent has a 
preferential wetting of the particles over self-condensation It is preferred that there be some 
self-condensation as well to provide a veneer around the particles to thereby lessen the tendency of the 
particles to flocculate. The coupling agents meeting these functional criteria are typically selected from the 
group consisting of organostlanes, organotitanates, organoaluminates, or organozirconates. The preferred 35 
operable organosilanes are represented by the formula: 
(RO)xSiR'y 

wherein x + y = 4; x, y/ =0 (preferably x = 3,y - 1) 
R = CnH2n + 1, 
R' - CnH2n + 1 
n > 10 

The functionality which is reactive with the thermally conductive filler particles is (RO) and the functionality 
which is of similar polarity as the liquid carrier is (R'). 

The preferred operable organotitanates are represented by the formula: 
O 

(RO)xTi(O CR ')4-x 
wherein R = CnH2n + 1 
R' = CnH2n 4- 1 , 
n > 7 

The functionality which is reactive with the thermally conductive filler particles is (RO) and the functionality 50 
which is of similar polarity as the liquid carrier is: 
0 

(O CR'). 

The preferred operable organozirconates are represented by the formula: 
0 

(RO)xZr(O CR ')4-x 
wherein R « CnH2n + 1 
R' = CnH2n + 1, 
n > 7 

The functionality which is reactive with the thermally conductive filler particles is (RO) and the functionality 60 
which is of similar polarity as the liquid carrier is: 
0 

(O CR 

The preferred operable organoaluminates are represented by the formula: 
AI(RCOCHCOR')n(OR")m & 
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wherein 

n + m = 3, n= /0 
R.R' ,R" = CnH2n + 1 

In the most preferred embodiments wherein the liquid carrier is a chemically saturated solvent soluble 
5 poly(alpha-olefin), and any calcined boron nitride particles or aluminum spheres coated with an anodized layer 
are dispersed throughout, the preferred coupling agent is isopropyl triisostearoyl titanate. 

CH3 0 

I II 
CH3CH-0-Ti-[0-CC17H35]3 

The range of percentages of the coupling agent in the stable thermal compound of the present invention is 
15 between 0.5 and 10 weight percent. Precise compositions are specifically taught in the working examples 
which follow hereafter. Preferably, the polarity of one part of the coupling agent must be nonpolar to match the 
chemical nature of the poly(aipha-olefin) liquid carrier, so that the properties (i.e. thermal conductivity, 
viscosity, etc.) of the compound remain stable at high VLSI operating temperatures and during power cycling! 
and the compound does not experience excess phase separation. 

20 In addition to providing a compound having excellent thermal conductivity while being compliant to conform 
to, and wet the higher surface energy surfaces of cleaned semiconductor chips, and not exhibiting phase 
separation between the thermal filler particles and liquid carrier while remaining stable during power cycling; 
the basic components are combined to satisfy other requirements of state of the art VLSI multichip modules! 
The basic components can be combined depending on the specific system requirements. The stability of the 

25 thermally conductive compound in preferred form is further enhanced by the addition of chemically inert 
particles of high surface area to resist phase separation by absorbing excess liquid carrier in those situations 
where chip power cycling leads to thermal/mechanical stressing of the compound and a propensity for the 
compound to bleed. It has been found that in the present phase and property stable thermal compound 
consisting of an organic liquid carrier, thermal filler particles evenly dispersed therein, and a coupling agent as 

30 described above, that fumed silica particles of approximately 100-30X3 m2/gram in surface area increase the 
capacity of the compound to avoid irreversible bleeding. It is preferred that the fumed silica be treated to 
provide a polar, hydrophobic surface, for example, by silyating surface hydroxy! groups. The hydrophobicity 
improves the affinity of the fumed silica for the liquid carrier of the present invention. The hydrophobic fumed 
silica has little or no tendency towards self-agglomeration, so that it provides a minimal viscosity increase 

35 when added to the thermal compound of the present invention. The coupling agent also enhances particle 
dispersion so that lower viscosity is attainable while thermal conductivity is maximized. 

in addition to the thermal compound having a high thermal conductivity, it is known to those skilled in the art 
that the thermal compound or thermal grease must be applied in as thin a layer as possible to achieve 
maximum thermal performance. When the low viscosity thermal compound of the present invention is applied 

40 to a small gap (e.g., 0,05 mm or less) between a chip and internal thermal enhancement (see FIG. 1B), the 
resultant shear forces that are applied to the grease-like thermal com pound are relatively high and are a 
further cause of phase separation and structural damage to the thermal compound, especially during power 
cycling. This results in a reduced capacity to dissipate heat. It has been found that in the present stable thermal 
compound that the addition of a polymer that readily dissolves in the chosen liquid carrier enhances the shear 

45 stability of the compound. The role of the polymer helps the compound to resist flocculation of -particles and 
the attendant phase separation. To facilitate rework of a multichip module, the polarity of the polymer should 
preferably match that of the oily carrier liquid. This allows the resultant compound to be easily removed by 
organic solvents from surfaces that the compound may typically be exposed to. In VLSI semiconductor 
modules, such surfaces are semiconductor materials, solders, insulators such as ceramic, and metals such as 

50 gold, copper, molybdenum, chromium, and titanium. The preferred polymer is a nonpolar elastomer which 
matches the polarity of the preferred poly-(alpha olefin) liquid carrier, namely polyisobutylene. The resultant 
thermal compound is also non-corrosive toward the packaging materials due to its hydrophobicity. It is also 
advantageous to incorporate an antioxidant so that any inadventitous exposure of the compound to oxygen or 
other oxidizing agents will not cause a chemical change causing phase separation. 

55 The above described components can be combined in various proportions as taught by the working 
examples which follow hereinafter. The general process requirements for forming the various stable thermal 
compounds embodied by the present invention in the working examples are as shown in the flow chart of FIG 3 
and are described as follows. 

Generally, the thermally conductive particles are treated before they are dispersed throughout the liquid 

60 carrier so that their surfaces are activated. The particle surfaces are first activated by heat treating, prefer ably 
calcining in air, in order to remove low surface energy organic contaminants adsorbed from the ambient (e.g., 
during storage), and so that they are capable of interacting with the coupling agent. After activation, the 
particles are coated with a coupling agent, (i.e., typically an organosilane, organotitanate, organozirconate, or 
organoaiuminate, as described above), which renders it more readily dispersible in the liquid carrier in which 

65 the particles are to eventually be dispersed by breaking up agglomerates of particles and thereby lowering 
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viscosity of the dispersion. After the particles are thus coated, they are preferably coated with a polymer (e.g., 
poiyisobutylene) by solution/solvent removal techniques, after which, they are dispersed into the liquid carrier 
until a homogeneous compound is formed. The poiyisobutylene is not essential for all operating conditions. In 
a system having boron nitride particles of approximately 0,01 to 30 microns in diameter, and a synthetic mineral 
oil such as a high viscosity poly-(aipha-olefin) as the liquid carrier, the dispersion is preferably accomplished 5 
by shearing with a conventional three roll mill, so that the particles are evenly dispersed throughout the 
compound. It has been found that the optimum amount of coupling agent to be coated onto the particles is 
determined by coating the particle surface with the coupling agent until no further lowering of the viscosity of 
the resulting compound occurs. The coupling agent amount that provides the lowest viscosity is adequate for 
providing even particle dispersion and preventing phase separation while providing a mobile medium which 10 
can conform to the surface contour of the chips without causing undue forces on the chips which could 
fracture the chips or the solder bonds which connect them to the semiconductor package. The addition of 
poiyisobutylene for shear stability, or fumed silica may be accomplished by techniques noted above and 
indicated in the process flow diagram of FIG. 3. 

The resultant compound must be of low enough viscosity to be mobile during module assembly to follow the 15 
surface contour of chips, but must be viscous enough so as to be stable mechanically when applied in small 
gaps to form the heat conductive path, especially when exposed to power fluctuations. In state of the art 
semiconductor modules, these gaps are as low as 0,05mm or less to minimize the length of the thermal path. 
This small gap causes high shear forces to be applied to the thermal compound, which adds to the stability 
problem. To satisfy these criteria, as well as accomplishing all of the other advantages provided by the 20 
thermally conductive compound of the present invention, it is preferred that the compound comprise from 
approximately 25<Vo by volume to approximately 65<Vo by volume of thermally conductive filler particles, from 
approximately 0.5<Vo by weight to approximately 100/o by weight of coupling agent, and the balance being the 
liquid carrier. If desired or required, approximately Wo to approximately 6O/0 by weight of fumed silica particles 
and/or approximately 20/o to approximately 6<Vb by weight poiyisobutylene are also added. The thermally 25 
conductive compound of the present invention has been generally described above. The following are 
preferred examples of practicing the present invention. In the examples; the boron nitride particles have an 
average particle size, (i.e., equivalent spherical diameter), of 1 micron, while the aluminum spheres have an 
average size of 5-15 microns, and the vanadium boride particles have an average particle size of 1-8 microns. 
The examples using boron nitride filler particles have been tested for stability and phase separation by 30 
accelerated testing methods, (i.e. centrifuge process, actual power cycling or both). In each example, the 
thermal compound was applied in a gap of approximately 0,05mm, in a module as depicted in FIG. 2, and then 
power cycled. The preferred thickness range that the thermal compound should be applied in is from 1 to 10 
mils to facilitate high thermal conductiv ity. The centrifuge conditions were at 55° C for 24 hours at an 
acceleration of approximately 1800 times the gravitational force. It has been found that thermal compounds 35 
which exhibit relatively good stability during centrifuge testing are also stable during power cycling. The power 
cycling conditions were such that the grease-like thermal compound experienced temperature variations of 
approximately 60° C twice an hour in an approximately 0,05mm gap between a chip and module hardware. The 
available power cycling and centrifuge data is included in the working examples. In each working example, the 
thermally conductive compound was readily removed by common solvents such as hexane, toluene, and other 40 
solvents known to those skilled in the art, and was not corrosive to any module components. 
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EXAMPLE 1: 



Boron nitride thermal filler particles of approximately 0,01 to 44 microns in equivalent spherical diameter 
each were calcined and then coated with 0.44 grams of an organotitanate coupling agent isopropyi 
5 trusostearoyl titanate, i.e. C3H70Ti(OOCC17H35)3. 28 grams of the coated boron nitride particles and 22 
grams of mineral oil were mixed by roll milling. The resultant roll-milled thermal compound has a viscosity of 
approximately 11 million centipoise. The thermal conductivity is 1.4W per meter 0 C. The grease-like thermal 
compound was stable for over 3000 power cycles without phase separation, and 7 percent by weight of oil was 
extracted from the compound during accelerated centrifuge testing. 

EXAMPLE 2: 

Boron nitride thermal filler particles of approximately 0,01 to 44 microns in equivalent spherical diameter 
each were calcined and then coated with 1,1 grams of an organotitanate coupling agent isopropyi 
tnisostearoyl titanate, i.e. C3H70Ti(OOCC17H35)3. 55 grams of the coated boron nitride particles and 0 1 
15 gram of an antioxidant (a sterically hindered phenol such as tetrakis (methylene(3,5-ditertbutyl-4-hydroxyhv- 
dro-cinnamate) methane) were mixed with 45 grams of a synthetic poly(alphaolefin) oil having a viscosity of 40 
centipoise by roll-milling. 1,1 gram of polyisobutylene was added to the mixture. The resultant roll-milled 
thermal compound has a viscosity of approximately 9 million centipoise and has a thermal conductivity of 
approximately 1,3 W per meter 0 C. The compound was stable for over 1500 power cycles without phase 
20 separation, and 7,5 percent by weight of oil was extracted from the compound during accelerated centrifuge 
testing. ** 

EXAMPLE 3: 

Boron nitride thermal filler particles of approximately 0,01 to 44 microns in equivalent spherical diameter 
25 each were calcined and then coated with 1,1 grams of an organotitanate coupling agent isooroDvl 
tmsostearoyl titanate. i.e. C3H70Ti(OOCC17H35)3. 54,9 grams of the coated boron nitride particles and 0 21 
grams of a sterically hindered phenol antioxidant; (i.e. tetrakis (methylene(3,5-ditertbutyl-4-hydroxy-hydro-cin- 
namate) methane) as per example 4) were mixed with 41 grams of a synthetic poly(alpha-olefin) oil having a 
viscosity of 100 centistokes by roll milling. 1,1 grams of poly-isobutylene and 1,6 grams of a hydro-phobic 
30 (average surface area of 100 m2/gm) fumed silica were added to the mixture. The resultant roll-milled thermal 
compound has a viscosity of approximately 13 million centipoise and has a thermal conductivity of 
approximately 1 ,4 W per meter 0 C. The compound survived power cycling for over 4000 cycles without phase 
separation, and had 1,5<Vo by weight of oil extracted during accelerated centrifuge testing. 

35 EXAMPLE 4: 

Boron nitride thermal filler particles of approximately 0,01 to 44 microns in equivalent spherical diameter 
each were calcined and then coated with 0,56 grams of an organotitanate coupling agent, n-propyl 
trm-decanoyl titanate, n-C3H7Ti(OOCC9H19)3. These coated particles were mixed into a poly(alpha-oiefin) 
liquid carrier. Approximately 28 grams of the boron nitride particles and approximately 22 grams of the liquid 
40 carrier were mixed by roll milling. The resultant roll milled thermal compound has a viscosity of approximately 8 
million centipoise. The thermal conductivity is 1,0 W per meter 0 C. The compound had 4,60/ 0 by weight oil 
extracted during accelerated centrifuge testing. 

EXAMPLE 5: 

45 Boron nitride thermal filler particles of approximately 0,01 to 44 microns diameter each were calcined and 
then coated with 0,44 grams of an organosilane coupling agent octa-decyltriethoxysilane (C2H50)3SiC18H37. 
Approximately 28 grams of the coated boron nitride and approximately 22 grams of poly(alpha-olefin) oil were 
mixed by roil milling. The resultant compound has a viscosity of approximately 10 million centipoise. The 
thermal conductivity is 1 ,4 W per meter 0 C. The compound had 6,90/0 by weight oil extracted during accelerated 

50 centrifuge testing. 

EXAMPLE 6: 

90 grams of spherical aluminum filler particles coated with a thin oxide coating were combined with 8 grams 
of boron nitride filler particles. The particles were coated with approximately 1,6 grams of the organotitanate 
55 coupling agent of example 1 . These particles were roll milled with 1 9.6 grams of synthetic poly-(alpha-olef in) oil 
of 40 centipoise viscosity. The resultant compound has a viscosity of approximately 15 million centipoise The 
thermal conductivity is approximately twice as high as that of example 1 , i.e., approximately 3.2 W per meter 0 C. 

EXAMPLE 7: 

60 83,7 grams of vanadium boride particles and 0,1 gram of antioxidant (a sterically hindered phenol, in this 
case, tetrakis (methylene (3.5-ditert-butyl- 4-hydroxyhydro-cinnamate) methane) were mixed and the particles 
were coated with approximately 0,8 grams of the organotitanate coupling agent of example 1. The coated 
particles were roil milled with 15.4 grams of poly(aipha-olefin) oil having a viscosity of 100 centipoise The 
resultant compound has a viscosity of approximately 5 million centipoise. The thermal conductivity is 

65 approximately 1.8 W per meter 0 C. 
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FIG. 2 graphically depicts the stability of working examples 1-5 of the present invention as a function of 
viscosity. Where available, both centrifuge and power cycling data are shown, it is evident that the working 
examples of the present invention provide stability of the thermal compound with corresponding low viscosity. 
Working examples 6 and 7, (thermal filler particles of oxide coated aluminum spheres and vanadium boride, 
respectively), provide even higher thermal conductivities at similar viscosity ranges as working examples 1-5. 5 
The compounds having oxide coated aluminum spheres and vanadium boride thermal filler particles have 
relatively low viscosities that are useful in the applications envisioned by the present invention. The low 
viscosity is primarily because of the enhanced dispersion and resistance to thermal filler particle flocculation 
and reflocculation provided by the coupling agents. An additional advantage of the low viscosity is that a 
greater number of thermal filler particles may be added to the compound if even greater thermal conductivity is 10 
required. 

While the invention has been described in detail, and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made without departing 
form the spirit and scope of the present invention. 



Claims 



15 



20 



35 



40 



1 . A thermally conductive compound characterized in that it comprises: 
a liquid carrier; 

thermally conductive filler particles dispersed throughout said liquid carrier; 
said particles being higher in surface energy than said liquid carrier so that said liquid carrier wets said 
particles ; and 

a coupling agent having at least one functionality which is reactive with the surface of said thermally 
conductive filler particles and at least one functionality which is of similar polarity of said liquid carrier. 25 

2. The compound of Claim 1 wherein said coupling agent has a preferential wetting of said particles over 
self-condensation and is selected from the group consisting of organosilanes, organotitanates, 
organoaluminates, and organozirconates. 

3. The thermally conductive compound of Claim 1 or 2 further comprising high surface area inert 
particulate additives that adsorb excess carrier liquid. 30 

4. The thermally conductive compound of Claim 3 wherein said high surface area inert additive 
comprises fumed silica. 

5. The thermally conductive compound according to any one of the preceding claims wherein said 
functionality which is reactive with the surface of said thermally conductive filler particles is (RO), wherein 
R = CnH2n + 1. 

6. The thermally conductive compound according to any one of the preceding claims wherein said 
functionality which is of similar polarity of said liquid carrier is R', wherein R' = CnH2n + 1 . 

7. The thermally conductive compound according to any one of the claims 1 to 5 wherein said 

functionality which is of similar polarity of said liquid carrier is : 
O 

(0 CR'), wherein R' = CnH2n + 1. 

8. The thermally conductive compound of Claim 4 wherein the surface area of said fumed silica is 
hydrophobic and corresponds to 100-300 m2/gram. 

9. The thermally conductive compound according to any one of the preceding claims having high 
particle packing density and being capable of maintaining particle dispersion in a low viscosity compound. 45 

10. The thermally conductive compound according to any one of the preceding claims further comprising 
a nonpolar polymer that readily dissolves in said liquid carrier. 

11 . The thermally conductive compound of Claim 10 wherein said nonpolar polymer is an elastomer. 

12. The thermally conductive compound of Claim 11 wherein said elastomer is polyisobutylene the 
polarity of which matches the polarity of said liquid carrier. 50 

13. The thermally conductive compound according to any one of the preceding claims wherein said liquid 
carrier Is chemically saturated, nonpolar and a dielectric. 

14. The thermally conductive compound according to any one of the preceding claims wherein the 
viscosity of said liquid carrier is between approximately 30 and 500 centipoise at 100°C and the viscosity 

of said compound is between approximately 2 and 20 million centipoise at 100° C. 55 

15. The thermally conductive compound according to any one of the preceding claims wherein said liquid 
carrier is poly (aJpha-olefin). 

16. The thermally conductive compound according to any one of the preceding claims further comprising 
an antioxidant. 

17. The thermally conductive compound according to any one of the preceding claims wherein said 60 
thermally conductive filler particles are platelet, spherical, or cubic in shape. 

18. The thermally conductive compound according to any one of the preceding claims wherein said 
particles are selected from the group consisting of boron nitride, aluminum spheres coated with AI203, 
and vanadium boride. 

19. The thermally conductive compound according to any one of the preceding claims wherein said 65 
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thermally conductive filler particles are electrical insulators and wherein the volume percent of thermally 
conductive filler particles is between 25 and _65 percent. 

20. The thermally conductive compound according to any one of the preceding claims wherein said liquid 
earn er is easily removable by organic solvents from solders, molybdenum, gold, copper chromium or 
titanium and is noncorrosive to solders, molybdenum, ceramic, gold, copper, chromium, or titanium 

21. The thermally conductive compound according to any one of the preceding claims wherein the 
surfaces of said thermally conductive filler particles are free of organic contaminants. 

22. The thermally conductive compound according to any one of the preceding claims wherein said 
coupling agent «s of the same polarity of said liquid carrier and wherein the percentage of said couDlina 
agent is between 0,5 and 10 percent by weight. 

23. A thermally conducting compound according to any one of the preceding claims which is used for 
conducting heat between an electronic component and a heat dissipating means 

24. The thermally conducting compound of Claim 23 wherein said electronic components are 
semiconductor chips and said head dissipating means is the cap or an internal thermal enhancement of a 
semiconductor module. 

25. The thermally conducting compound of Claim 23 or 24 being in the range of approximately 0 025 to 
0,25 mm in thickness. ~ w 7 

26. A process for making a thermally conductive compound for conducting heat from electrical 
components comprising: 

activating the surface of particles of high thermally conductive material; 

coating said particles with a coupling agent which renders it of comparable polarity to a liquid carrier in 
which said particles are to eventually be dispersed; 

dispersing said coated particles into a liquid carrier so that a homogeneous compound is formed 

27. The process of Claim 26 further comprising the step of adding a polymer to said thermally conductive 
compound after coating said particles with a coupling agent. 

28. The process of Claim 26 or 27 wherein activating the surface of particles is accomplished by thermal 
treatment and wherein said dispersing is accomplished by high shear milling until a homogeneous 
compound is formed. y 

29. The process of Claims 26, 27 or 28 further comprising the step of adding fumed silica to said 
thermally conductive compound. 



G342141A2_i_> 



12 



I 



EP 0 342141 A2 




THERMAL 
COMPOUND 



FIG. lA 




FIG. IB 



tMSDOCID <EP 03421 41 A2_l_> 



I ♦ 

■ 

* 

EP 0 342141 A2 



© 



(no naviovra %) 




0 



0 



CM 



C>sJ 



CO 



lZj<S> 



eg 




0 



0 



0 




NOliVMVcQS 3SVHd iflOHilM 
SJIOAO OAOd XOHddV 



SDOC'D <EP 



.03421 41 A2_L> 



EP 0 342 141 A2 




4SDOCJD <EP 



.0342141 A2J > 



CL 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



® Publication number: 



0 342 141 

A3 



EUROPEAN PATENT APPLICATION 



© Application number: 89480042.4 



Date of filing: 14.03.89 



<§> Int. CI. 4 : C 09 K 5/00 



3 



CM 

3 



© Priority: 13.05.88 US 193475 

© Date of publication of application : 

15.11.89 Bulletin 89/46 

@ Designated Contracting States: DE FR GB IT 

® Date of deferred publication of search report: 

31.01.90 Bulletin 90/05 

© Applicant: International Business Machines 
Corporation 
Old Orchard Road 
Armonk, N.Y. 10504 (US) 



Inventor: Anderson, Herbert Rudolph, Jr. 
RR No. 1 Box 44 
Patterson N.Y. 12563 (US) 

Booth, Richard Benton 
RD No. 1 Booth Boulevard 
Wappingers Falls N.Y. 12590 (US) 



@ Compliant thermally conductive compound. 
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A compliant thermally conductive, preferably dielectric, 
compound that enhances the power dissipation capability of 
high-powered electrical components such as bipolar VLSI 
semi-conductor chips. The compound has chemicaJly stable 
thermal conduction and viscosity properties, is not subject to 
phase separation during use and may be applied in small gaps 
to maximize thermal conduction. The compound preferably 
comprises a liquid carrier having thermal filler particles 
dispersed therein and a coupling agent having a functionality 
which is reactive with the calcined surface of the thermal filler 
particles, and a functionality having preferential wetting of the 
thermal filler particles over self-condensation. Additional addi- 
tives such as fumed silica and poiyisobutylene enhance the 
phase stability and resistance to the rmo -mechanical shear 
force degradation of the thermally conductive compound 
encountered during functional usage, e.g., fluctuating power 
cycles. 
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© A thermoplastic resin-based molding composition. 

© The thermoplastic polymeric molding composition of the invention has good moldabiltty in shaping by 
injection molding, extrusion molding and compression molding and capable of giving shaped articles having 
good machinabiiity in mechanical working such as cutting, grinding and lathing. The composition is compounded 
from 2 to 70 parts by weight of a thermoplastic polymer such as a ptolyamide resin and from 98 to 30 parts by 
weight of a metallic filler such as zinc powder and zinc oxide powder having a surface coated with a water 
repellent agent such as siiane coupling agents, titanate coupling agents and silicone fluids in a specified amount. 
A part of the above mentioned particulate filler may optionally be replaced with a fibrous filler such as glass 
fibers and carbon fibers so that the shaped articles of the molding composition may be imparted with increased 
impact strength. 
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A THERMOPLASTIC RESIN-BASED MOLDING COMPOSITION 



BACKGROUND OF THE INVENTION 

The present invention relates to a thermoplastic resin-based molding composition or, more particularly, 
5 to a molding composition based on a thermoplastic resin as the matrix compounded with a specific filler 
and suitable for molding various shaped articles used in a wide variety of applications including, for 
example, structural parts in electric and electronic instruments, industrial machines and transportation 
machines such as automobiles as well as furnitures and other household commodities. 

As is well known, thermoplastic resins have advantages over metallic materials in repsect of their good 
70 workability, excellent corrosion resistance, lightness in weight and inexpensiveness so that they are useful 
as a base material for the manufacture of various shaped articles such as structural parts of instruments and 
machines as well as furnitures and other household commodities. 

Thermoplastic resins in general, however, are inferior in the mechanical properties such as tensile 
strength, impact strength and hardness in comparison with metallic materials and are not quite satisfactory 
75 in respect of the heat resistance. and dimensional stability. Moreover, the usually advantageous feature of 
lightness in weight may in some cases cause a disadvantage to give a trifling impression as commercial 
goods. 

A proposal has been made to solve the above described problems by compounding a thermoplastic 
resin with a metallic filler. For example, thermoplastic resins such as polypropylene, polyethylene, 
20 polyamide, poly(ethylene terephthalate), poly(butylene terephthalate) and the like are compounded with a 
fine powder of a metal such as zinc, copper, iron and the like as a filler to give a resin-based composite 
molding compound. 

Shaped articles prepared from such a metal-filled molding compound, however, more or less have an 

unavoidable serious problem of rusting of the metal particles pontained in the shaped article to cause poor 
25 appearance or degradation in the mechanical properties when, the article is prolongedly kept in humid air, ■ 

water, soil or other corrosive environment When rusting occurs in the molding compound before molding! . 

which is usually in the form of pellets, moreover, drawbacks, are sometimes caused in the molding work of 

such a deteriolated molding compound. 

Several methods have been proposed to solve this problem including a method of forming a corrosion- 
30 resistant coating layer of, for example, a rust inhibitor, metal plating and ceramic on the surface of the 

shaped article, a method of forming a relatively thick uniform skin layer of a rust-free resin on the surface of 

the shaped article and a method of wrapping the shaped article with a film of a plastic resin having a small 

permeability to moisture. 

These methods, however, cannot provide a complete solution of the problem. For example, the 

35 corrosion-resistant coating layer formed on the surface of a shaped article has a problem of inherently low 
durability because the coating layer gradually falls off the surface in the lapse of time, in addition, the 
productivity of shaped articles must decrease because the process is complicate for forming such a 
protective surface layer. The method of forming a skin layer is particularly defective when the shaped article 
has an irregular configuration or non-uniform wall thickness due to the extreme difficulty in obtaining a skin 

40 layer of uniform thickness. The productivity of course cannot be high enough. The method of wrapping with 
a plastic film also suffers low productivity due to the complicate and troublesome process if not to mention 
the limited applicability of the method. 

In addition to the above described problem due to rusting of metal particles, conventional metallic filler- 
loaded composite molding compounds have problems in the moldability of the compound and stability of 

45 the shaped articles therefrom, especially, when the molding compound has a density in excess of 1 J5 g/cm 3 
or, in particular, 2.0 g/cm 3 . The moldability of such a molding compound is poor so that the appearance of 
the articles shaped therefrom is sometimes not quite acceptable. Moreover, the shaped articles of such a 
molding compound usually have relatively low mechanical strengths or, in particular, impact strength and 
exhibit a large molding shrinkage sometimes with different ratios of shrinkage between directions. There- 

so fore, it is a rather difficult matter to~ obtain a satisfactory shaped article of high density with good 
dimensional stability exhibiting no warping distortion from such a metallic filler-loaded molding compound. 

Further, degradation of the matrix resin may sometimes take place in such a metallic filler-loaded 
composite molding compound due to the influence of the metal particles. The molding compound is also 
not quite satisfactory as a moldable electroconductive material because sufficiently high electroconductivity 
can hardly be obtained or the repro ducibility of the conductivity, if obtained, is usually low. 

2 



\5DOC!D <EP 



0265839A2 I > 



0 265 839 



SUMMARY OF THE INVENTION 



An object of the present invention therefore is to provide a noveal thermoplastic resin-based moldina 
com P os>tion loaded with a metallic filler free from the above described problems and disadvantaqes in the 
conventional metallic filler-loaded molding compounds. Namely, the molding composition of the present 
invention should have good moidability and be capable of giving shaped articles having good appearance 
and h.gh mechan.cal properties as well as dimensional stability, electroconductivity and resistance aqainst 
mSeToolf 0 SUitab ' e SSCOndary macninin 9 such as cutting, grinding and lathing- using standard 

As a result of the extensive investigations undertaken with the above mentioned object it has been 
unexpectedly discovered that the problems can be solved by compounding a thermoplastic' resin wHha 
specific amount of a metallic filler after a surface treatment of the particles with a specific amount of a 

^Tl"? f ," 9 ^ t0 T C,3SS ° f S0 ' Ca,,ed Water repel,ent a 9 ents - °Ptionally, with further admixture of a 
small amount of a low-molecular oxidized poly propylene. 

Thus, the thermoplastic resin-based molding composition of the present invention comprises- 

(A) from 2 to 70 parts by weight of a thermoplastic polymer as the matrix phase; and 

(B) from 98 to 30 parts by weight of a metallic filler, of which the particles have a surface coated with 

a water repellent agent, the amount of the water repellent agent being in the range from 0.01 to 5% or 

preferably, from 0.3 to 3% by weight by weight based on the metallic filler before coating therewith 

When the molding composition is additionally admixed with (C) a low-molecular oxidized polypropylene 
the composition comprises: H wy ' 

(A) from 2 to 70 parts by weight of a thermoplastic polymer; 

(B) from 98 to 30 parts by weight of a metallic filler, of which the particles have a surface coated with 
a water repellent agent, the amount of the water repellent agent being as mentioned above; and 

(C) a low-molecular oxidized polypropylene in an amount in the range from 0.1 to 2% by weiaht 
based on the total amount of the components (A) and (B). 

Although the above mentioned metallic filler is usually in a particulate form, it is sometimes advanta- 

fZZOll IT 11 °1 SU ^ h 3 particu,ate fil,er is re P*ced with a fibrous filler. Namely, the metallic filler as the 
component (B) m the above given formulations should be a combination of a particulate metallic filler havino 
an average part.de diameter, for example, in the range from 0.1 to 20 urn and a fibrous metallic filler having 
a fiber diameter ,n the range from 0.03 to 60 urn or. preferably, from 0.1 - 20 urn and an aspect ratio in the 
range from 50 to 2500 in a weight ratio not exceeding 1:1 or, preferably, in the range from 1:1 to 30:1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The component (A) to form the matrix phase of the inventive molding composition is a thermoplastic 
polymer which is not limited to a particular type but may be selected from various kinds of thermoplastic 
resins and elastomers either singly or as a combination of two kinds or more according to need 

The above mentioned thermoplastic resins include polyolefin resins, polyvinyl chloride) resins 
polyam.de resins, polyimide resins, polyester resins, polyacetal resins, polycarbonate resins. poly(aromatic 
ether or th.o ether) resins, poly(aromatic ester) resins, polysulfone resins, polystyrene resins, acrylic resins 
f luorocarbon resins and the like. 

The polyolefin resins include homopolymers and copolymers of a-olefins such as ethylene, propylene 
butene-1, 1-methyl-butene-l, 3-methylpentene-1 , 4-methylpentene-1 and the like as well as copolymers of 
these monomers as the principal ingredient with another monomer of a different type. Typical examples of 
the polyolefin resins are high-density, medium-density and low-density polyethylenes, straight-chained 
polyethylenes, super-high molecular polyethylenes. copolymers of ethylene and vinyl acetate and other 
ethylene-based polymers, atactic, syndiotactic and isotactic polypropylenes, block and random copolymers 
of propylene and ethylene and other propylene-based polymers. poly(4-methylpentene-1 ) and the like 

Further, these polyolefins may be modified by the graft polymerization of a polar vinylic monomer such 
as «./?-unsaturated carboxylic acids and esters thereof exemplified by acrylic acid, esters of acrylic acid 
methacrylic acid, esters of methacrylic acid, maleic acid, fumaric acid, citraconic acid, itaconic acid' 
crotomc acid and the like or an unsaturated epoxide exemplified by glycidyl acrylate. glycidyl methacrylate] 
vinyl glycidyl ether, allyl glycidyl ether and the like. 
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The poly(vinyl chloride) resins include homopolymeric polyvinyl chloride) resins and copolymeric 
resins of vinyl chloride with another monomer copolymerizable therewith. The copolymeric resins are 
exemplified by the copolymers of vinyl chloride and an acrylic acid ester, copolymers of vinyl chloride and 
a methacrylic acid ester, copolymers of vinyl chloride and ethylene, copolymers of vinyl chloride and 
propylene, copolymers of. vinyl chloride and vinyl acetate, copolymers of vinyl chloride and vinylidene 
chloride and the like. These polyvinyl chloride) resins may be post-chlorinated to have an increased 
content of chlorine. 

The polyamide resins include 6-nylon, 12-nylon and the like obtained by the ring-opening polymeriza- 
tion of an aliphatic cyclic lactam, 6,6-nylon, 6,10-nylon, 6,12-nyton and the like obtained by the 
condensation-polymerization of an aliphatic diamine and an aliphatic dicarboxylic acid, condensation- 
polymerizate of m-xyiene and adipic acid and the like obtained by the condensation-polymerization of an 
aromatic diamfne and an aliphatic dicarboxylic acid, condensation-polymerizates of p-phenylene diamine 
and terephthaiic acid or m-phenyiene diamine and isophthalic acid and the like obtained by the 
condensation-polymerization of an aromatic diamine and an aromatic dicarboxylic acid, 11 -nylon and the 
like obtained by the condensation-polymerization of an amino acid, and so on. 

The polyimide resins include polyimides and polyamideimides. Exemplary of the polyimides are those 
obtained from the combinations of pyromellitic anhydride and diamino diphenyl ether, 3,4,3',4-ben- 
zophenone tetracarboxylic acid anhydride and diamino diphenyl ether, bismaleimide and diamino diphenyl 
methane and the like. Exemplary of the polyamideimides are those obtained from the combination of 
trimellitic anhydride and diamino diphenyl ether and the like. 

The polyester resins include those obtained by the condensation-polymerization of an aromatic 
dicarboxylic acid and an alkylene glycol exemplified by poly (ethylene terephthalates), poly (methylene 
terephthalates) and the like. 

The polyacetal resins are exemplified by the homopolymeric polyoxymethylenes and copolymers of 
formaldehyde and ethylene oxide obtained from trioxane and ethylene oxide. 

Preferable examples of the polycarbonate resins are the 4,4'-dihydroxy diallyl alkane-based polycar- 
bonates and the bisphenol A-based polycarbonates prepared by the phosgene method, in which bisphenol 
A and phosgene are reacted, or the ester interchange method, in which bisphenol A and a diester of 
carbonic acid such as diphenyl carbonate are reacted. Usable polycarbonate resins include those modified 
or flame-retardant bisphenol A-based polycarbonates obtained by partially replacing the bisphenol A in the 
above mentioned preparation of unmodified polycarbonates with 2,2-bis(4-hydroxy-3.5-dim ethyl phenyl) 
propane, 2,2-bis(4-hydroxy-3,5-dibromo phenyl) propane and the like. 

The poly(aromatic ether or thioether) resins have ether linkages or thioether linkages in the polymeric 
molecular chain and are exemplified by polyphenylene oxides, styrene-grafted polyphenylene oxides, 
polyphenylene sulfides and the like. 

The poiy(aromatic ester) resins are exemplified by polyoxybenzoyls obtained by the condensation- 
polymerization of 4-hydroxy benzoic acid and polyarylates obtained by the condensation-polymerization of 
bisphenol A and an aromatic dicarboxylic acid such as terephthaiic acid and isophthalic acid. 

The polysulfone resins have sulfone linkages in the polymeric molecular chain and are exemplified by 
polysulfoncs obtained by the condensation-polymerization of bisphenol A 4,4'-dichlorodiphenyI sulfone, 
polyether sulfones having a structure in which phenylene groups are bonded together at the 1 ,4-positions 
through ether linkages and sulfone linkages and polyaryl sulfones having a structure in which diphenylene 
groups and diphenylene ether groups are alternately bonded together through sulfone linkages. 

The polystyrene resins include homopolymers of styrene and a-methyl styrene and copolymers thereof 
as well as copolymers of them as the principal ingredient with another monomer copolymerizable therewith. 
Typical examples of the polystyrene resins are general-purpose polystyrenes, high-impact polystyrenes, 
heat-resistant polystyrenes, polymers of a-methyl styrene, copolymers of acrylonitrile, butadiene and 
styrene (ABS), copolymers of acrylonitrile and styrene (AS), copolymers of acrylonitrile, chlorinated 
polyethylene and styrene (ACS), copolymers of acrylonitrile, ethylenepropylene rubber and styrene (AES), 
copolymers of acrylic rubber, acrylonitrile and styrene and the like. 

The acrylic resins include polymers of acrylic acid esters and methacrylic acid esters exemplified by 
methyl, ethyl, n-propyl, jsopropyl and butyl esters of acrylic acid and methacrylic acid. Particularly 
preferable among them are po!y(methyl methacrylate) resins from the standpoint of practically using the 
inventive molding composition as an industrial material. 
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The fluorocarbon resins include homopolymers of tetrafluoro ethylene, hexafluoro propylene vinylidene 
fluonde. vinyl fluoride and the like and copolymers thereof as well as copolymers of these ' fluorinated 
monomers as the pnncipal ingredient with another monomer copoiymerizable therewith. Exemplary of the 
fluorocarbon resins are poly(tetrafluoroethylenes), poly(vinylidene fluorides), polyvinyl fluorides) 
copolymers of tetrafluoroethylene and ethylene, copolymers of tetrafluoroethylene and vinylidene fluoride' 
copolymers of hexafluorpropylene and vinylidene fluoride, copolymers of tetrafluoroethylene hex- 
afluoropropylene and vinylidene fluoride and the like. 

The elastomeric polymers suitable as the component (A) include natural rubber and various kinds of 
s * n *°* c ™ bbere exem P» fi ed by polybutadiene rubbers (BR), copolymer* rubbers of styrene and butadi- 
ene (SBR), copolymeric rubbers of acrylonitrile and butadiene (NBR), copolymeric rubbers of styrene 
butadiene and acrylonitrile, polychloroprene rubbers <CR) and other butadiene-based rubbers, polyisoprene 
rubbers or synthetic natural rubbers, copolymeric rubbers of isobutylene and isoprene or so-called butyl 
rubbers (IIR). copolymeric rubbers of acrylonitrile and isoprene. polyisobutylene rubbers, copolymeric 
rubbers of ethylene and propylene, copolymeric rubbers of ethylene and vinyl acetate, chlorinated 
polyethylenes. chlorosulfonated polyethylenes. urethane rubbers, silicone rubbers, fluorocarbon rubbers 
acryhc rubbers, epichlorohydrin rubbers, propylene oxide rubbers, polyester-based elastomers' 
polyacrylate-based elastomers, polyolefin-based elastomers, polyvinyl chloride)-based elastomers' 
copolymeric elastomers of styrene and butadiene, polystyrene-based elastomers, polyamide-based 
elastomers, polyurethane-based elastomers and the like. 

The above named polymers can be used either singly or as a mixture of two kinds or more according 
to need as the component (A) to form the matrix phase of the inventive molding composition. Particularly 
preferable among them are polyamide resins such as 6-nylon. 6.6-nylon. 12-nylon and the like doIv- 
propylenes and poly(butylene terephthalates). 

The component (B) to form the disperse phase in the inventive molding composition is a metallic filler 
usually in a particulate form. Metals of which the powder as the metallic filler is prepared include zinc 
copper, iron. lead, aluminum, nickel, chromium, titanium, manganese, tin. platinum, tungsten, gold, raagne^ 
sium, cobalt, strontium and the like as well as alloys of these metallic elements such as stainless steel 
solder alloys, brass, bronze and the like, of which zinc is particularly preferred. Zinc oxide also can be used' 
Certain ceram.c materials" obtained in a powdery form can be used as the filler including' silicon carbide 
silicon nitnde, zirconia, aluminium nitride, titanium carbide and the like. 

The metallic filler in a particulate form as the component (B) should have an average particle diameter 
in the range from 0.2 to 20 urn or. preferably, in the range from 0.4 to 10 urn. When the filler particles are 
too fine, the molding composition compounded with the filler may be poor in the moldability. When the filler 
particles are too coarse, on the other hand, the molding composition compounded with the filler cannot give 
a shaped article having a sufficiently high impact strength and free from the drawbacks of warpino distortion 
after molding. 

When a particularly high impact strength is desired of the shaped article of the inventive molding 
composition, it is advantageous to replace a part of the above described filler in a particulate form with a 
fibrous filler. Suitable fibrous fillers include inorganic fibers such as glass fibers, carbon fibers, magnesium 
sulfate fibers and the like, fibers and whiskers of a metal such as stainless steel, brass, aluminum, nickel 
and the like, whiskers of ceramics such as potassium titanate. silicon carbide and the like, and organic 
fibers such as aromatic polyamide fibers, cellulosic fibers, nylon fibers, polyester fibers, polypropylene 
fibers and the like. Preferable among them ate glass fibers, carbon fibers, stainless steel fibers brass 
fibers, potassium titanate whiskers, aromatic polyamide fibers and the like. Glass fibers are particularly 
preferred. These fibrous fibers can be used either singly or as a combination of two kinds or more 
according to need. 

The fibers of the fibrous filler should have a fiber diameter in the range from 0.03 to 60 am or 
pfeferably. from 0.1 - 20 urn and an aspect ratio in the range from 50 to 2500 or. preferably, from 100 to 
2000. When the aspect ratio of the fibers is too small, desired improvement in the impact strength of the 
shaped article cannot be achieved as desired. When the aspect ratio of the fibers is too large, on the other 
hand, the shaped articles of the molding composition may be subject to an increased molding shrinkage 
and drawbacks of warping distortion after molding so that the molding composition cannot be used 
industrially due to the poor dimensional stability of the shaped articles therefrom. 

When a particulate filler and a fibrous filler are used in combination as the component (B) in the 
inventive molding composition, the weight ratio of them should not exceed 1:1 although no substantial 
improvement can be obtained in the impact strength of the shaped articles molded of the composition when 
the amount of the fibrous filler is too small. In this regard, the weight ratio of the particulate to fibrous fillers 
should be in the range from 1:1 to 30:1 or, preferably, from 2:1 to 20:1 . 
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When the inventive molding composition is prepared by compounding the thermoplastic polymer as the 
component (A) with the filler as the component (B), it is essential that the filler is subjected in advance to a 
suface treatment with a water repellent agent in a specific amount. Suitable water repellent agents include 
silane-based coupling agents, titanate-based coupling agents, silicone fluids, higher fatty acids, higher 
alcohols, waxes and the like, of which silane-based coupling agents, titanate-based coupling agents and 
silicone fluids are preferred. These water repellent agents can be used either singly or as a combination of 
two kinds or more according to need. 

The type of the above mentioned silane-based coupling agent is not particularly limitative, and any of 
known ones can be used. Exemplary of suitable silane-based coupling agents are thriethoxy silane, vinyl 
tris(£-methoxyethoxy) silane, 3-methacryloxypropyl trimethoxy silane, 3-glycdyloxypropyl trimethoxy slilane, 
2-(3,4-epoxycyclohexyl)ethyl trimethoxy silane, N-(2-aminoethyl)-3-aminopropyl methyl dimethoxy silane, N- 
(2-aminoethyl)-3-aminopropyl methyl dimethoxy silane, 3-aminopropyl triethoxy silane, N-phenyl-3- 
aminopropyl trimethoxy silane, 3-mercaptopropyl trimethoxy silane. 3-chloropropyl trimethoxy silane and the 
like, of which 3-aminopropyl triethoxy silane and N-(2-aminoethyl)-3-aminopropyl trimethoxy silane are 
preferred. 

The type of the above mentioned titanate-based coupling agents is also not particularly limitative and 
any of hitherto known ones can be used. Exemplary of suitable titanate-based coupling agents are isopropyl 
triisostearoyl titanate, isopropyl tri(dodecylbenzene sulfonyl) titanate. isopropyl tris(dioctyi pyrophosphate) 
titanate, tetraiso propyl bis(dioctylphosphito) titanate, tetraoctyl bis(ditridecyl phosphite) titanate, tetra(2,2- 
diallyioxy methy 1-1 -butyl) bis(di-tridecyi phosphite) titanate. bis(dioctyI pyrophosphate) oxyacetate titanate, 
bis(dioctyl pyrophosphate) ethylene titanate, isopropyl trioctanoyl titanate, isopropyl dimethacryl isostearoyl 
titanate, isopropyl tri(dioctyl phosphate) titanate, isopropyl tri(cumyl phenyl) titanate, isopropyl tri(N- 
amidoethyl aminoethyi) titanate, dicumyl phenyl oxyacetate titanate, di(isostearoyl) ethylene titanate and the 
like, of which isopropyl triisostearoyl titanate and isopropyl tri(N-amidoethyl amioethyl) titanate are pre- 
ferred. 

Further, suitable silicone fluids include dimethyl silicone fluids, methyl phenyl silicone fluids, polyether- 
modified silicone fluids, alkyl-modified silicone fluids, methyl hydrogen polysiloxane fluids and the like, of 
which dimethyl silicone fluids and methyl hydrogen polysiloxane fluids are preferred. 

To summarize the description on the types of the water repellent agents, dimethyl silicone fluids, 
. methyl hydrogen polysiloxane fluids and 3-aminopropyl triethoxy silane are particularly preferable as the 
surface treatment agent of the filler as the component (B) in the inventive molding composition. 

The procedure for the surface treatment of the component (B) with the water repellent agent is not 
particularly limitative according to any known method conventionally undertaken for the surface treatment of 
a powdery material. A preferable method in respect of the versatility and controllability of the temperature 
and mixing velocty in the treatment is to use a Henschel mixer in which the water repellent agent is sprayed 
on to the filler under agitation and thoroughly mixed together: 

The water repellent agent in this surface treatment of the filler as the component (B) should be used in 
an amount in the range from 0.01 to 5% by weight or, preferably, from 0.05 to 3% by weight or, more 
preferably, from 0.1 to 2% by weight based on the amount of the filler as the component (B) before the 
surface treatment. When the amount of the water repellent agent is too small, no sufficient coupling effect 
can be exhibited between the surface of the filler and the matrix phase so that the resultant molding 
composition would be poor in the moldability. When the amount thereof is too large, on the other hand, a 
phenomenon of slipping may be caused due to the excessively strong effect of lubrication between the filler 
surface and the matrix phase leading to disadvantages of decreased productivity of peptization of the 
molding composition and decreased workability in the molding works along with a problem of poor 
appearance of the shaped articles prepared from the composition as a result of strong bleeding of the water 
repellent agent on the surface of the shaped article. 

The fillers thus surface-treated or coated with the water repellent agent as the component (B) can be 
used either singly or as a combination of two kinds or more according to need. The compounding amount 
of the component (B) in the inventive molding composition should be in the range from 30 to 98 parts by 
wieght or, preferably, from 50 to 97 parts by weight or, more preferably, from 60 to 95 parts by weight per 
100 parts by weight of the total amount of the components (A) and (B). 

As is mentioned before, the inventive molding composition can be further admixed with a low-molecular 
oxidized polypropylene as the component (C) in an amount in the range from 0.1 to 2% by weight based on 
the total amount of the polymeric matrix phase as the component (A) and the filler after the surface 
treatment as the component (B). The low-molecular oxidized polypropylene is prepared by the oxidative 
degradation of, for example, an isotactic poly propylene as a solid or melt or in the form of a solution with 
an oxidizing agent such as peroxides. Carboxyl groups and other types of oxygen-containing groups are 
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introduced into the molecular structure of the polypropylene by this oxidizing reaction. By virtue of the 
carboxyl groups introduced into the molecular structure, the low-molecular oxidized polypropylene has 
."'^T^;^ ?™ P ' aStiC resins havi "9 P*artty such as po.yamides in eoSK3?J2 
, hSlTl ,OW - mo,ecu,a ; P° yP^Pytenes. It is preferable to use a low-molecular oxidized polypropylene 
5 having an average molecular weight in the range from 1500 to 20000. When admixed with an appropriate 
rSSJ^'J '° W -™ leC f U,ar Mz f P°'yP™Pytene, the molding composition is imparted with improved 
cTnduSX 9 ' V,n9 3Ped MS haVi " 9 imPr ° Ved mechanical ^ngths and electric 

When improvements in the mechanical properties and dimensional stability of shaped articles of the 
W IStn desired, it is sometimes advantageous to admix the composition with a modifier such aH 

?aT^ Z s^J^7« S t0 '"ir 356 *" **** belWMn the P 0 '^ 9 ^ matri * 88 *• component 
(A) and the surface of the filler as the component (B). Suitable polyolefin-based modifiers include for 

example, polyethylene and polypropylene modified by graft-polymerization of 0.05 to 20% by weiaht of a 
JS ^3^^ by Unsa * urated «•* ■* derivatives thereof such as acrylic acid. meSacryHc 

! ' . a aQ,d ' ltacon,c ac,d and otner or 9 anic a ^ds. maleic anhydride, itaconic anhydride citraconic 

IZ Q f° ther f nh Jl rideS ° f UnSatUrated ° r9aniC addS " methyl acrylate ' -onomeC maSTand 

unZurSZ ""saturated organic acids, acrylamide, fumaric acid monoamide and other amides of 
unsaturated organ.c ac.ds. .laconic acid imide and other imides of unsaturated organic acids and so on 
The mod.ficat.on reaction of the polyolefin by the polymerization of these monomers can be accelerated by 

andTTke^ * " b8nZ ° y ' P8r ° Xid8 ' P 8 ™**' diCUmy ' P8r ° Xide ' ^peroxide 

mJ^Ir?^ in addition to the above described ones include ethylene-or propylene-based poly- 
mers modified by graft polymerization of an unsaturated epoxide such as glycidyl acrylate glycidyl 
methacry^e, vinyl glycidyl ether, allyl glycidyl ether and the like carried out optionally with admixture cTa 
25 l.qu.d rubber such as a polybutadiene hydroxylated at the molecular chain ends 

The amount of these modifiers added to the inventive molding composition should usually be in the 
range from 1 to 10% by weight based on the total amount of the components (A) and (B). When the amount 
thereof is too small the desired improvement by the addition of the modifier cannot be fully exhibited as a 
matter of course. When the amount thereof- is too large, on the other hand, phase separation may 
STngths 98 P ' aCe Sh3Ped " artiC ' e ° f com P° sition to ^.y decrease the mechanical 

It is optional according to need that the molding composition of the invention is further admixed with 
var.ous k.nds of inorganic and organic fillers though in a limited amount not to substantially affect the 
desirable properties of the composition or the shaped article prepared therefrom. Such an optional filler may 
35 be powdery, granular or fibrous. y 

Inorganic fillers suitable for the above mentioned optional addition are exemplified by oxides such as 
silica, diatomaceous earth, barium ferrite, beryllium oxide, pumice, pumice balloons and the like, hydroxides 
such as aluminum hydroxide, magnesium hydroxide, basic magnesium carbonate and the like, carbonates 
such as ca cium carbonate, magnesium carbonate, dolomite, dawsonite and the like, sulfates and sulfites 

40 such as calcium sulfate, barium sulfate, ammonium sulfate, calcium sulfite and the like, silicates such as 
talc. clay. m.ca. asbestos, glass balloons, glass beads, montmorillonite. bentonite and the like, carbona- 
ceous fiHers such as carbon black, graphite powder, carbon balloons and the like, molybdenum sulfide zinc 
borate, barium metaborate. calcium borate, sodium borate and the like. These inorganic fillers can be used 
either singly or as a combination of two kinds or more according to need. 

« Organic fillers suitable for the above mentioned optional addition are exemplified by non-fibrous ones 
such as nee hulls, wood flour, fragments of paper and cellophane and the like. These organic fillers also 
can be used e.ther singly or as a combination of two kinds or more according to need. It is of course 
optional that inorganic and organic fillers are used in combination. 

If desired, the molding composition of the invention can be admixed with various kinds of additives 

>o conventonally compounded in resin-based molding compositions including, for example, lubricants, coloring 
agents. stabilizers, antioxidants, ultraviolet absorbers, antistatic, agents, flame retardant agents, plasticizers 
blowing agents and the like according to the intended application of the articles shaped from the molding 
composition. a 

The molding composition of the present invention can be prepared by uniformly blending and 
■s compounding the components (A) and (B). optionally, together with the component (C) and above described 
optional additives in a conventional procedure of kneading in a molten condition by using a suitable 
blending machine such as Henschel mixers, single-or double-screw extruder mahcines. Banbury mixers 
roller mixers and the like, of which Henschel mixers, extruder machines and Bunbury mixers are preferred ' 
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The molding composition of the present invention can be shaped into articles by any conventional 
molding method such as injection molding, extrusion molding, compression molding and the like without 
particular limitations by virtue of the good moldability. The composition can give not only shaped articles 
having complicated configuration as molded but also shaped articles suitable for secondary work-ing to 
meet various applications by adequately modifying the blending ratio of the components. The application 
fields of the shaped articles of the inventive molding composition include structural and functional parts in 
electric and electronic instruments, machines in general, automobiles and the like, furnitures, household 
commodities and so on. Particularly exemplary of the shaped articles are, for example, all kinds of rotatory 
members for power transmission such as flywheels, gears, pulleys, cams, motors and the like, housings, 
chassis, turn tables and the like of record players, cassette tape recorders, speaker boxes, etc., sound 
insulating and shielding materials, vibra-tion dumping materials, shielding materials for electro-magnetic 
waves, furnitures, kitchenwares, office supplies, toys, fishing implements and so on. 

The thermoplastic resin-based molding composition of the present invention is prepared by compound- 
ing a thermoplastic polymer as the matrix phase with a metallic filler after a surface treatment with a water 
repellent agent so that the filler particles dispersed in the polymeric matrix are highly resistant against 
rusting along with greatly improved affinity between the surface of the filler particles and the matrix 
polymer. Accordingly, the inventive molding composition has good voidability and is capable of giving 
shaped articles having outstandingly good outer appearance, excellent mechanical properties, high dimen- 
sional stability without warping distortion and stable electric conductivity. By virtue of the improved 
moldability, the inventive molding composition can be shaped into articles having large dimensions or a 
complicated configura tion and the shaped articles have good secondary workability suitable for machining 
with standard machine tools such as cutting, grinding, lathing and the like. Thus, present invention provides 
a material having excellent moldability into shaped articles and machinability of the shaped articles in 
combination. Such a combination of moldability and machinability is the very great advantage of the 
inventive molding composition never obtained in any of conventional resin-based molding compositions and 
metals. 

In the following, examples. are given to illustrate the inventive molding compositions in more detail but 
not to limit the scope of the invention in any way. 

In the examples given below, the polymeric materials used as the ploymeric matrix of the molding 
compositions include the commercially available products listed below, each of which is referred to 
hereinbelow with the abridged symbol of the name preceding the name of the polymeric material. 

(1) 6-PA: 6-nylon, LM-102, a product by Kanegafuchi Chemical Industry Co. 

(2) 66-PA: 6,6-nylon, 1200S, a product by Asahi Chemical Industry Co. 

(3) 12-PA: 12-nyion, 301 4U, a product by Ube Kosan Co. 

(4) MXDA: polyamide, 6002, a product by Mitsubishi Gas Chemical Co. 

(5) PP: polypropylene, J2000G, a product by Idemitsu Petrochemical Co. 

(6) PBT: poly(butylene terephthalate), 501 0, a product by Mitsubishi Chemical Industries Co. 

(7) PET: poly(ethylene terephthalate), MA 2101, a product by Unitika Co. 

(8) POM: polyacetal, 3010, a product by Asahi Chemical Industry Co. 

(9) PS: polystyrene, HT-53, a product by Idemitsu Petrochemical Co. 

(10) PE: polyethylene, 110J, a product by Idemitsu Petrochemical Co. having a melt index of 14 g/10 
minutes 

(11) ABS: copoiymeric resin of acrylonitrile, butadiene and styrene, JSR-35, a product by Japan 
Synthetic Rubber Co. 

(12) PC: polycarbonate, N-2500, a product by Idemitsu Petrochemical Co. 

(13) PVC: polyvinyl chloride), JZ-102F, a product by Shin-Etsu Polymer Co. 

(14) PMMA: poly(methy! methacrylate). 50N, a product by Asahi Chemical Industry Co. 

(15) PPO: poly(phenylene oxide), 731J, a product by Engineering Plastics Co. 

(16) PSO: polysulfone, P-1700, a product by Nissan Chemical Co. 

(17) PI: polyimide, SP-1, a product by DuPont Far East Co. 

(18) SBR: styrene-butadiene rubber, JSR-1500, a product by Japan Synthetic Rubber Co. 

(19) EPR: ethylene-propylene copoiymeric rubber, EP-07P, a product by Japan Synthetic Rubber Co. 

(20) SR: silicone rubber. KE-931U, a product by Shin-Etsu Chemical Co. 

(21) EVA: ethylene-vinyl acetate copoiymeric rubber, Evatate D-3021, a product by Sumitomo 
Chemical Co. 

(22) PEE: polyester-based elastomer, Belprene P-40B, a product by Toyo Spinning Co. 

(23) POE: polyolefin-based elastomer, TPE-1500, a product by Sumitomo Chemical Co. * 
Further, in the following examples, various kinds of fillers were used as listed below. 
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(1) Zn: zinc powder having an average particle diameter of about 3 urn, a product by Sakai Chemical 

Co. 

(2) ZnO: zinc oxide having an average particle diameter of about 3 urn, a product by Sakai Chemical 

Co. 

(3) Cu: copper powder having an average particle diameter of about 5 urn, a product by Fukuda 
Kinzoku Hakufun Kogyo Co. 

(4) or-Fe: iron powder having an average particle diameter of about 0.5 urn, a product by Dowa 
Teppun Kogyo Co. 

(5) a-Fe^ iron oxide powder having an average particle diameter of about 0.5 urn, a product by 
Dowa Teppun Kogyo Co. 

(6) Ni: nickel powder having an average particle diameter of about 3 am 

(7) Pb: lead powder having an average particle diameter of 1 0 urn 

(8) Al: aluminum powder having an average particle diameter of about 10 urn 

(9) Sn: tin powder having an average particle diameter of about 7 urn 

(10) SnCb: tin oxide powder having an average particle dia meter of about 3 urn 

(1 1 ) SS: stainless steel powder having an average particle diameter of about 10 urn 

(12) SA: powder of solder alloy having an average particle diameter of about 8 urn 

(13) BR: brass powder having an average particle diameter of about 10 urn 

(14) SF: stainless steel fibers having a diameter of 10 y.m and fiber length of 6 mm 

(15) NF: nickel fibers having a diameter of 10 urn and fiber length of 8 mm 

(16) PT: whiskers of potassium titanate having a diameter of 0.3 urn and length of 15 urn 

(17) Zr02: zirconia powder having an average particle diameter of about 0.5 urn 

The above listed fillers were used each after a surface treatment with one of the water repellent agents 
shown below. 

A: 3-aminopropyl triethoxy silane, a product by Nippon Unicar Co. 

B: N-(2-ammoethyl)-3-aminopropyl trimethoxy silane, a product by Nippon Unicar Co. 

C: methyl hydrogen polysiloxane fluid, a product by Shin-Etsu Chemical Co. 

D: dimethyl silicone fluid, a product by Shin-Etsu Chemical Co. 

E: isopropyl triisostearoyl, titanate, a product by Ajinomoto Co. 

F: isopropyl tri(N-amidoethyf aminoethyl) titanate, a product by Ajinomoto Co. 

6: finely divided silica powder having an average particle diameter of about 12 urn, a product by 
Nippon Aerosil Co. 

H: finely divided silica powder having an average particle diameter of about 7 urn, a product by 
Nippon Aerosil Co. 
I: stearic acid 
J: stearyl alcohol 
K: polyethylene wax 



Example 1. 

A 0.3 part by weight of 3-aminopropyl triethoxy silane was sprayed to 100 parts by weight of a zinc 
powder having an average particle diameter of 3 urn contained in a Henschei mixer of 20 liter capacity and 
the mixer was run for 5 minutes at a velocity of 1000 rpm to mix them together at a temperature of 60 to 
100 °C to prepare a surface-coated zinc powder. Thereafter, a 6-PA resin in an amount of 50% by weight 
based on the surface-coated zinc powder was added to the mixer and melted and mixed together by 
running the mixer for 15 minutes at a velocity of 2000 rpm and at a temperature of 200 to 300 °C to give a 
composite molding resin composition with further admixture of 0.3% by weight of an antioxidant (Irganox 
1010, a product by Ciba Geigy Co.), 0.3% by weight of calcium stearate as a lubricant (a product by 
Nippon Yushi Co.) and 1 .0% by weight of carbon black (DL-600, a product by Lion Akzo Co.), each amount 
being based on the total amount of the 6-PA resin and the surface-coated zinc powder. 

The thus obtained molding composition was pelletized by using a single-screw extruder machine 
(Model NVC-50, manufactured by Nakatani Machinery Co.) operated at a temperature of 200 to 300 °C with 
a rate of extrusion of 30 kg/hour and the pellets were shaped into test plates by injection molding using an 
injection molding machine (Model FS-160S, manufactured by Nissei Resin Industry Co.) at a temperature of 
200 to 300 °C. 

The test plates were subjected to the evaluation of various properties including the following items each 
according to the procedure described below. The results are shown in Table 1 . 
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(1) Resistance against rusting 

A test plate of 75 mm by 75 mm wide and 3.2 mm thick was put into a bag made of a polyethylene film 
of 40 urn thickness and, after sealing of the opening by welding, the bag was heated for 1 00 hours or 300 
hours in an atmosphere of 95% relative humidity at 60 °C. The test plate taken out of the bag was 
inspected for the surface condition with naked eyes or by using a magnifying lens of 25 magnification to 
give the results in four ratings of A, B, C and D according to the following criteria. 

A: no rust found under magnifying lens 

B: powder-like rust found under magnifying lens 

C: small number of rust speckles found with naked eyes 

D: large number of rust speckles found with naked eyes 

(2) Moldabiiity 

.A box having outer dimensions of 150 mm by 80 mm by 80 mm with a wall thickness of 5 mm was 
shaped from the molding composition by injection molding using the same injection molding machine as 
used in the preparation of the test plates above to determine the critical impregnation pressure or minimum 
impregnation pressure for short shot in kg/cnrR The thus molded boxes were visually inspected for the 
outer appearance and the results were expressed in three ratings of A, B and C according to the following 
criteria 

A: beautiful and acceptable 

B: small number of silver marks found 

C: large number of silver marks found 

• 

(3) Izpd impact strength 

Measurement was performed according to ASTM D-1302 to give the results in kg cm/cm. 

(4) Electric resistance 

Measurement was performed according to JIS C 1302 by using an automatic insulation-resistance 
tester (Model F-535F, manufactured by Fuso Electric Co.) with a voltage impression of 500 volts DC to give 
the total resistance in megaohm. 



Examples 2 to 65 and Comparative Examples 1 to 6. 

The experimental procedure in each of these Examples and Comparative Examples was substantially 
the same as in Example 1 using the same zinc powder as the filler excepting replacement of the 6-PA resin 
as the matrix polymer and the 3-aminopropyl triethoxy siiane as the water repellent agent each with the 
material shown in Table 1 in an amount also indicated in the same table. In the formulations shown in Table 
1, the amounts of the filler and the matrix polymer given in parts by weight are given per 100 parts by 
weight of the total amount of the filler after the surface treatment and the matrix polymer and the amount of 
the water repellent agent given in % by weight is based on the amount of the filler before the surface 
treatment The molding compositions prepared in Comparative Examples 2 and 4 were disadvantageous in 
respect of the low productivity in peptization due to slipping. Table 1 also shows the results of the 
evaluation of the products carried out in the same manner as in Example 1 . In Examples 64 and 65, the 
zinc powder as the filler and the finely divided silica powder as the water repellent agent were dry-blended 
in the Henschel mixer operated at a velocity of 1000 rpm for 5 minutes at a temperature of 60 to 100 °C 
before the addition of the 6-PA resin. 
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Examples 66 to 103 and Comparative Examples 7 to 13. 

5 

The experimental procedure in each of these Examples and Comparative Examples was substantially 
the same as in Example 1. Table 2 below shows the formulation of the molding compositions and the 
results of evaluation undertaken in the same manner as in Example 1 . 

10 

Examples 104 to 107 and Comparative Examples 14 and 15. 

A molding resin composition was prepared by first blending, in a Henschel mixer of 20 liter capacity, 15 
parts by weight of a 6-PA resin, 85 parts by weight of a ZnO powder having a varied average particle 

75 diameter shown in Table 3 below, 0.5 part by weight of a low-molecular oxidized polypropylene having an 
average molecular weight of 3500 and 0.3 part by weight of an aminosilane-based coupling agent and then 
kneading the blend thoroughly at 220 to 350 °C in a double-screw kneading machine (Model NAS-50, 
manufactured by Nakatani Machinery Co.). 

The thus prepared molding resin compositions were each shaped by injection molding into test plates 

20 at 220 to 350 °C using the same injection molding machine as used in Example 1. The molding 
compositions were evaluated by measuring the minimum molding pressure in the injection molding of the 
composition and the mechanical and electrical properties of the test plates in the following manner. The 
results are shown in Table 3. 
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(1) Molding pressure: a box having dimensions of 90 mm by 150 mm by 70 mm with a wall thickness 
of 5 mm and a pin gate of 1 mm diameter was shaped by injection molding under the above mentioned 
conditions to determine the minimum pressure for impregnation in kg/cm^. 

(2) Mechanical properties: tensile strength in kg/cm* of the test plates was determined according to 
ASTM D-638 and flexural strength and elastic modulus by bending each in kg/cm* were determined 
according to ASTM D-790. 

(3) Electrical properties: specific resistance in ohm-cm was determined according to Japan Rubber 
Association Standard SRJS-2301-1969. 
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In these Examples and Comparative Examples, the low-molecular oxidized polypropylene was a 
commercial product (Biscol TS-2Q0, a product by Sanyo Kasei Co.) and the aminosilane-based coupling 
agent was aminopropyl triethoxy silane. 
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Examples 108 to 110 and Comparative Examples 16 and 17. 



The formulation and experimental procedure in each of these Examples and Comparative Examples 
were substantially the same as in Examples 104 to 107 except that the amounts of the 6-PA resin and ZnO 
having an average particle diameter of 2 urn, were varied as shown in Table 4 below, which also shows the 
results of evaluation of the molding resin compositions carried out in the same manner as in the precedina 
examples. a 



70 



75 



20 



25 



30 



35 



40 



45 



50 



55 



21 



0 265 839 



» 



70 



75 



20 



25 



30 



35 



40 



AS 



SO 



55 



0) 

u 
c 

w u 

0) II) g 
CU <D JC 
CO M O 



U 
•H 



U 



JQ \ 
U (0 CP.* 

-P «H -H «r 
V) 2 O 
(OTJ Cr- 

rH O 0 

w e si x 



CM 



CM 



in* 

• 



<0 4-> 



CP CM 
C S 
0) u 

H D> 



u 



o 
in 



o 



o 

LT> 
CO 



O 
VO 



<D 4-> 

«— I CP cn» 

•H C S 

W 0) U 

d u ^ 

<D -P CP 



o 

00 



in 

CO 



o 

VO 



o 

CM 

ON 



0) 

CP u u 

C Dm 
•HOG 
T3 W O 

HON 
O U CP 



vO 



00 

VO 



ON 



-P 

* 4-> CP 
O U *H 

c m a) 



■o 

VO 



o 

CO 



in 
on 



o 



CP 

•H 



I A3 >*i <D 

vo a, > 



CO 

o 



CM 



ON 

o 



in 



o 

vO 



vO 



vo 

^3" 



o 

ON 

CM 



o 

CM 
vO 



o 
in 



ON 



£ 

m 



I O 
U iH 

CU > B 
E -H ffl 
OP X 

a row 



22 



>SDOC:D <£P 0265a39A2_L> 



0 265 839 



TO 



Examples m to 113 and Comparative Examples 18 and 19. 

The formulation and experimental procedure were substantially the same as in the precedina examoles 
except that the amounts of the 6-PA resin and ZnO filler were 15 parts by weight and 85 parts by weight 
respectively, in each of these Examples and Comparative Examples and the amount of the low-moleou^ 
oxidized polypropylene, referred to as the component (C) hereinbelow, was varied as indicated in Table 5 
below, which also shows the results of evaluation of the molding resin compositions carried out in the same 
manner as in the preceding examples. 
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Examples 114 to 117. 

The formulation and experimental procedure in each of these Examples were substantially the same as 
in the preceding examples except that the amount of the component (C) was always 0.5 part by weight and, 
instead, the average molecular weight thereof was varied as indicated in Table 6 given below, which also 
shows the results of evaluation of the molding resin compositions carried out in the same manner as in the 
preceding examples. 
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Examptes 118 to 120 and Comparative Examples 20 and 21. 



The formulation and experimental procedure in each of these Examples and Comparative Examples 
were substantially the same as in the preceding examples except that the low-molecular oxidized 
polypropylene as the component (C) always had an average molecular weight of 3500 and the amount of 
the 3-aminopropyl triethoxy silane as the aminosilane-based coupling agent was varied as indicated in 
Table 7 below, which also shows the results of evaluation of the molding resin compositions carried out in 
the same manner as in the preceding examples. 
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Examples 121 to 134. 



The formulation and experimental procedure in each of these Examples were substantially the same as 
in the preceding Examples except that the amount of the 3-aminopropyl triethoxy silane was always 0.3 part 
by weight and the thermoplatic resin, taken in an amount of 15 parts by weight, was not the 6-PA resin but 
one of the polymers or a combination of two polymers in a proportion as indicated in Table 8 below, which 
also shows the results of evaluation of the molding compositions carried out in the same manner as in the 
preceding examples. The values of specific resistance of the test plates were each 1 x 10 5 ohm#cm. * 
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Examples 135 to 139. 



The formulation and experimental procedure In each of these Examples were substantially the same as 
in the preceding Examples except that the polymer for the matrix was one of those indicated in Table 9 
below and 0.3 part by weight of 3-aminopropyl triethoxy silane was replaced with 0.5 part by weiaht of a 
dimethyl silicone fluid. Table 9 below also shows the results of evaluation of the molding resin compositions 
earned out in the same manner as in the preceding examples. The values of specific resistance of the test 
plates were each 1 x 10 5 ohrn^cm. 
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Examples 140 to 144. 

The formulation and experimental procedure in each of these Examples were substantially the same as 
in the preceding Examples except that the polymer for the matrix phase was one of those indicated in Table 
10 below and the dimethyl silicone fluid was replaced with the same maount of isopropyl triisostearoyl 
titanate as a titanate-based coupling agent. Table 10 below also shows the results of evaluation of the 
molding resin compositions carried out in the same manner as in the preceding examples. The values of 
specific resistance of the test plates were each 1 x 10 5 ohm^cm. 



70 



75 



20 



25 



30 



35 



O 
*-* 
JQ 

m 

6-t 



40 



45 



50 



55 















e 
























jQ \ 












* CP 




- f 


ro 


o 


f 




• 


• 


• 


• 


a 


•H 3 C 


CM 


o 


co 


CN 


v£> 




*_ 










U) O 'V o 






• 






lO'O Cr- 












^ O <D 












W £ -Q X 
























■ » « > « 




























/— * 






U J 


3 C ^ 








CO 




y fl) m 
w 






U) 


CN 




Q> M *\ 












H 4J D> 












Tt . in y 










































_ 


• 








• 






» 




in 






ITS 




ta o tj 


O 


o 








c us 


00 


r- 


GO 


CO 


in 


(1) 4-3 CP 




































Cn M O 












C D M 






. 






-H W S 






CN 


CO 


vo 


U) O 




M> 






^« 














O M Cn 




































0) 












£ 
























F-i 




• 

1 


i 






o 


1 


CM 


VO 


0Q 


CU 


PU 






V£> 


P4 


cu 




© 




CN 


CO 










■V 
























<D 












rH 












Qi 












£ 
























X 












Ed 







32 



0265839A2J_> 



0 265 839 



25 



30 



Preparation Example 1 (Preparation of modified polypropylene) 

Into a three-necked flask equipped with a stirrer, thermometer and reflux condenser and having a 
separable cover were introduced 100 parts by weight of a polypropylene resin having a density of 0 91 

s g/cm3 and a melt index Ml of 8 g/10 minutes (J700G, a product by Idemitsu Petrochemical Co.) 5 parts 'by 
weight of a 1 ,4-polybutadiene having a number-average molecular weight of 3000 and terminated at each 
molecular chain end with a hydroxy group (Poly bd R45HT. a product by ARCO Chem Div ) 20 parts bv 
weight of maleic anhydride. 1.72 parts by weight of dicumyl peroxide and 600 parts by weight of xylene 
and the mixture was heated under agitation at 120 °C for 1 hour and then at 140 C" for 3 hours to effect 

jo the reaction. 

After completion of the reaction, the reaction mixture was poured into a large volume of acetone and the 
precipitates formed in acetone were collected by filtration with suction and dried at 70 °C for 50 hours to 
give a white powder. This powder was subjected to extraction with acetone in a Soxhlet extractor for 16 
hours to g,ve a modified polypropylene as the product by removing unreacted polybutadiene and maleic 
75 anhydride. 

Examples 145 to 172 and Comparative Examples 22 to 29. 

20 A Henschel mixer was charged with 10 parts by weight of one of the fibrous fillers indicated in Table 
1 1 , 70 parts by weight of a zinc powder having an average particle diameter of about 3 urn and 0 5 part by 
^ ' 9 ,«« a * methyl silicone fluid and operated at a velocity of 1000 rpm for 5 minutes at a temperature of 
60 to 100 »C to coat the surface of the fibers and zinc particles with the silicone fluid. Thereafter, 20 parts 
by weight of a 6-PA resin were introduced into the mixer and thoroughly blended together. The thus 
obtained blend was further kneaded at 220 to 350 °C in a double-screw extruder machine to give a molding 
resin composition which was then shaped into test plates at 220 to 350 »C by injection molding using the 
same injection machine as used in Example 1. The molding resin compositions were evaluated for the 
moldability of the composition, mechanical properties of the test plates, molding shrinkage of the molded 
articles and warping distortion of the molded articles in the following manner. 

(1 ) Moldability of the molding composition 

A box having dimensions of 90 mm by 1 50 mm by 70 mm with a wall thickness of 5 mm and a pin gate 
of 1 mm diameter was shaped from the molding composition by injection molding using an injection 
molding machine (Model IS-125, manufactured by Toshiba Machines Co.) operated under the standard 
conditions of a cylinder temperature of 220 to 300 °C, temperature of metal mold of 75 to 100 °C, injection 
pressure of 60 kg/cm* and shot time of 20 seconds and the moldability of the molding composition was 
evaluated according to the following criteria in three ratings in terms of the reproducibility of the box 
40 configuration by the injection molding and the injection pressure. 
A: quite satisfactory 

B: appearance of sink marks at some portions, somewhat higher injection pressure than the standard 
pressure 

C: partly incomplete box configuration, injection pressure of 100 kg/cm 2 G or higher 

(2) Mechanical properties of the test plates 

Tensile strength was determined according to ASTM D-638, Izod impact value was determined 
according to ASTM D-256 and flexural strength and elastic modulus by bending were determined accordina 
to ASTM D-790. w 

(3) Molding shrinkage of molded articles 

Square test plates of 76 mm by 76 mm wide and 3.2 mm thick were shaped from the molding 
composition by injection molding under a sufficiently high injection pressure and the changes of the 
dimensions in % were determined in the molding direction (MD) and transverse direction (TD). 
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(4) Warping distortion of shaped articles 

A circular disc of 45 mm diameter and 2 mm thickness was shaped by injection molding under the 
same conditions as above and warping of the disc was evaluated by the height a of the highest point when 
the disc was placed on a horizontal plane. The results were given in three ratings of A, B and C according 
to the following criteria. 

A: a < 0.5 mm 

B: 0.5 mm ^ a < 1 mm 

C: a > 1 mm 

Table 1 1 given below shows the formulation of the molding resin compositions and the results of the 
evaluation thereof performed in the above described manner. In Table 11 , the kinds of the fibrous fillers are 
indicated with the symbols of QF , SF, BF, PT, CF f SCF and APAF for glass fibers, stainless steel fibers, 
brass fibers, whiskers of potassium titanate, carbon fibers, silicon carbide fibers and aromatic polyamide 
fibers, respectively. 
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Examples 173 to 183 and Comparative Examples 30 to 39. 

The experimental procedure in each of these Examples and Comparative Examples was substantially 
the same as in the preceding examples except that each of the molding resin compositions was 
compounded from 20 parts by weight of the 6-PA resin, a varied amount as indicated in Table 12 below of 
a zinc powder having an average particle diameter of about 3 um and a varied amount of a fibrous filler, i.e. 
glass fibers (GF), stain!ess_steel fibers (SF), potassium titanate whiskers (PT) or carbon fibers (CF), as 
indicated in Table 12. The results of the evaluation of these molding resin compositions are also shown in 
Table 12 for the same items as in Table 11 in the preceding examples. 
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Examples 184 to 204 and Comparative Examples 40 to 45. 

The experimental procedure in each of these Examples and Comparative Examples was substantially 
the same as in the preceding examples except that the molding resin compositions were each compounded 
from 20 parts by weight of the 6-PA resin, 10 parts by weight of glass fibers having an aspect ratio of 231 
and 70 parts by weight of a particulate filler indicated in Table 13 below, which also shows the results of the 
evaluation of the molding compositions. 
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Examples 205 to 223. 

The experimental procedure in each of these Examples was substantially the same as in Examples 145 
to 172 except that the molding resin compositions were each compounded from 10 parts by weight of glass 
fibers having an aspect ratio of 231. 70 parts by weight of zinc powder having an average particle diameter 
of about 3 urn and 20 parts by weight of one kind or a combination of two kinds of the thermoplastic resins 
indicated in Table 14 below, which also shows the results of the evaluation of the molding compositions 
When two kinds of the thermoplastic resins were used, they were taken in equal amounts. 
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Examples 224 to 243. 



The experimental procedure in each of these Examples was substantially the same as in Examples 145 
to 172 except that the molding compositions were each compounded from 10 parts by weight of glass 
fibers having an aspect ratio of 231 as a fibrous filler, a varied amount indicated in Table 15 below of a 
powder of zinc (Examples 224 to 233) or zinc oxide (Examples 234 to 243) each having an average particle 
diameter of about 3 urn as a particulate filler and a varied amount of a thermoplastic resin indicated in 
Table 15, which also shows the results of the evaluation of the molding compositions. 
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Examples 244 to 251 . 



The experimental procedure in each of these Examples was substantially the same as in Examples 145 
to 172 except that the molding resin compositions were each compounded from 10 parts by weight of glass 
fibers having an aspect ratio of 231, 70 parts by weight of a zinc powder having an average particle 
diameter of about 3 urn and 20 parts by weight of a thermoplastic resin indicated in Table 16 below without 
io or with further admixture of 2 parts by weight of the modified polypropylene resin prepared in Preparation 

and particulate fillers were used after a surface treatment with 0.5 part 
by weight of a dimethyl silicone fluid as the water repllent agent. Table 16 below also shows the results of 



the evaluation of the molding compositions. 
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Examples 252 to 261 . 



The experimental procedure in each of these Examples was substantially the same as in Examples 244 
to 251 using the thermoplastic resin indicated in Table 17 below excepting replacement of the zinc powder 
with the same amount of a zinc oxide powder having an average particle diameter of about 3 urn Table 17 
also shows the results of the evaluation of the molding compositions. 
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Claims 

1 . A thermoplastic polymeric molding composition which comprises: 

(A) from 2 to 70 parts by weight of a thermoplastic polymer as the matrix phase; and 

(B) from 98 to 30 parts by weight of a metallic filler, of which the particles have a surface coated with a 
water repellent agent, the amount of the water repellent agent being in the range from 0.01 to 5% by weight 
based on the metallic filler before coating therewith. 

2. The thermoplastic polymeric molding composition as claimed in claim 1 which further comprises: 

(C) a low-molecular oxidized polypropylene in an amount in the range from 0.1 to 2% by weight based on 
the total amount of the components (A) and (B). 

3. A thermoplastic polymeric molding composition which comprises: 

(A) from 2 to 70 parts by weight of a thermoplastic polymer as the matrix; and 

(B) from 98 to 30 parts by weight of a filler which is a combination of 

(B-1) a metallic particulate filler having an average particle diameter in the range from 0.1 to 20 urn, and 
(B-2) a fibrous filler having an aspect ratio in the range from 50 to 2500, 

in a weight ratio of (B-1):(B-2) in the range from 1:1 to 30:1,. the surface of the particles of the component 
(B-l ) and the fibers of the component (B-2) being coated with a water repellent agent in an amount in the 
range from 0.01 to 5% by weight based on the total amount of the components (B-1) and (B-2) before 
coating therewith. 

4. The thermoplastic polymeric molding composition as claimed in claim 3 which further comprises: 

(C) a low-molecular oxidized polypropylene in an amount in the range from 0.1 to 2% by weight based on 
the total amount of the components (A) and (B). 

5. The thermoplastic polymeric molding composition as claimed in claim 1 wherein the thermoplastic 
polymer is selected from the group consisting of polyamide resins, polypropylenes and poly(butylene 
terephthalates). 

6. The thermoplastic polymeric molding composition as claimed in claim 3 wherein the thermoplastic 
polymer is selected from the group consisting of polyamide resins, polypropylenes and poiy(butylene 
terephthalates). 

_ * 

7. The thermoplastic polymeric molding composition as claimed in claim 1 wherein the metallic filler as 
the component (B) is a powder of metallic zinc. 

8. The thermoplastic polymeric molding composition as claimed in claim 3 wherein the metallic 
particulate filler as the component (B-1) is a powder of metallic zinc. 

9. The thermoplastic polymeric molding composition as claimed in claim 1 wherein the metallic filler as 
the component (B) is a powder of zinc oxide. 

10. The thermoplastic polymeric molding composition as claimed in claim 3 wherein the metallic 
particulate filler as the component (B-1 ) is a powder of zinc oxide. 

11. The thermoplastic polymeric molding composition as claimed in claim 3 wherein the fibrous filler as 
the compo nent (B-2) is selected from the group consisting of glass fibers, carbon fibers, stainless steel 
fibers, potassium titanate whiskers and aromatic polyamide fibers. 

12. The thermoplastic polymeric molding composition as claimed in claim 1 wherein the water repellent 
agent is selected from the group consisting of silane coupling agents, titanate coupling agents and silicone 
fluids. 

13. The thermoplastic polymeric molding composition as claimed in claim 3 wherein the water repellent 
agent is selected from the group consisting of silane coupling agents, titanate coupling agents and silicone 
fluids. 

14. The thermoplastic polymeric molding composition as claimed in claim 1 wherein the water repellent 
agent is selected from the group consisting of 3-aminopropyl triethoxy silane. N-(2-aminoethyl>-3- 
aminopropyl trimethoxy silane, isopropyl triisostearoyl titanate. isopropyl tri(N-aminoethyl aminoethyl) 
titanate, dimethyl silicone fluids and methyl hydrogen polysiloxanes. 

15. The thermoplastic polymeric molding composition as claimed in claim 3 wherein the water repellent 
agent is selected from the group consisting of 3-amtnopropyl triethoxy silane, N-(2-aminoethyl>-3- 
aminopropyl trimethoxy silane, isopropyl triisostearoyl titanate, isopropyl tri(n-amidoethyl aminoethyl) 
titanate, dimethyl silicone fluids and methyl hydrogen polysiloxanes. 

16. The thermoplastic polymeric molding composition as claimed in claim 2 wherein the low-molecular 
oxidized polypropylene as the component (C) has an average molecular weight in the ranee from 1500 to 
20000. 
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17. The thermoplastic polymeric molding composition as claimed in claim 4 wherein the low-molecular 
oxidized polypropylene as the component (C) has an average molecular weight in the range from 1500 to 
20000. 
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© A thermoplastic resin-based molding composition. 



TO 
< 

q>© The thermoplastic polymeric molding composi- 
ng tion of the invention has good moldability in shaping 
OT by injection molding, extrusion molding and com- 
ITJpression molding and capable of giving shaped arti- 
COcles having good machinability in mechanical work- 
^■mg such as cutting, grinding and lathing. The com- 
O position is compounded from 2 to 70 parts by weight 
O^of a thermoplastic polymer such as a polyamide 
Uj resin and from 98 to 30 parts by weight of a metallic 
filler such as zinc powder and zinc oxide powder 
having a surface coated with a water repellent agent 



such as silane coupling agents, titanate coupling 
agents and silicone fluids in a specified amount. A 
part of the above mentioned particulate filler may 
optionally be replaced with a fibrous filler such as 
glass fibers and carbon fibers so that the shaped 
articles of the molding composition may be imparted 
with increased impact strength. 
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© Aluminiumhydroxid fur die Einmischung in Kunststoff und Verfahren zu seiner Herstellung. 

© Bisher war es nicht moglich, mit gemahlenem Hydroxid mit einer mittleren KorngrdjSe von 10 - 15 um 
Fullgrade von mehr als 160 Teilen Hydroxid auf 100 Teile Kunstharz zu erreichen. 

Es soii ein Aiuminiumhydroxid zur Flammfestmachung von Kunststoffen und Verfahren zu seiner Herstellung 
sowie ein flammgeschutzter Kunststoff auf Basis von Duroplasten entwickelt werden, wobei das Aluminiumhydro- 
xid mit einem Fullgrad von mehr als 160 Teilen Aluminiumhydroxid auf 100 Teile Kunstharz einmischbar ist und 
dabei eine gunstige Viskositat aufweist sowie eine glatte Oberflache an dem daraus hergestellten Fertigteil zeigt. 
Das gemahlene Aluminiumhydroxid zeichnet sich dadurch aus, dafi die Kornobergrenze bei 63 um mit max. 0,5 
% begrenzt ist und da/J die Breite B der Kornverteilung, gemessen als B = VdU - Vo^. zwischen 4 - 5 liegt. 
Das Verfahren zur Herstellung eines Aluminiumhydroxids ist dadurch gekennzeichnet, dafi eine Muhle mit 
Mahlkorpern aus Keramik wie Kugel- oder Trommelmuhle, vorzugsweise Schwingmuhle, eingesetzt wird. 

Das erfindungsgemafie Aluminiumhydroxid wird fur die Einmischung in Kunststoffe vom Typ Duroplaste 
verwendet. 



Q. 

LU 



Rank Xerox (UK) Business Services 



\lSDOCID <EP 



.0469257A2 I > 



EP 0 469 257 A2 



Die Erfindung betrifft ein Aluminiumhydroxid fur die Einmischung in Kunststoffe vom Typ Duroplaste, 
ein Verfahren zur Herstellung des Aluminiumhydroxids durch Mahlung sowie einen flammgeschutzten 
Kunststoff auf Basis von Duroplasten. 

In der Kunststoffindustrie werden flammhemmende Aluminiumhydroxide mit moglichst hohen Fullgra- 
5 den eingesetzt. Es war bisher nicht moglich, mit gemahlenem Hydroxid mit einer mittleren Korngro/te von 
10-15 urn Fullgrade von mehr als 160 Teilen Hydroxid auf 100 Teile Kunstharz zu erreichen. 

Bei der Flammfestmachung von Fassadenplatten, elektrischen Bauteilen sowie faserverstarkten Ver- 
bundteilen fur Automobilindustrie ist es ferner wichtig, dai3 das Harz bei moglichst hohen Fiillgraden an 
Aluminiumhydroxid noch gut verarbeitbar ist. Dies wird erreicht durch eine moglichst niedrige Viskositat, die 
w jedoch ubiicherweise mit dem Fullgrad ansteigt. 

Als weiteres wichtiges Kriterium mu/3 die Oberflache des Fertigteils zumindest an alien sichtbaren 
Flachen glatt sein. Auch diese Anforderung ist bei hohen Fullgraden an Aluminiumhydroxid schwer zu 
erfullen. 

Aufgabe der vorliegenden Erfindung ist es, ein Aluminiumhydroxid zur Flammfestmachung von Kunst- 
15 stoffen und ein Verfahren zu seiner Herstellung sowie einen flammgeschutzten Kunststoff auf Basis von 
Duroplasten zu entwickeln, wobei das Aluminiumhydroxid mit einem Fullgrad von mehr als 160 Teilen 
Aluminiumhydroxid auf 100 Teile Kunstharz einmischbar und dabei eine gunstige Viskositat aufweist sowie 
eine glatte Oberflache an dem daraus hergestellten Fertigteii zeigt. 

Die Aufgabe wird durch die in den Patentanspruchen angegebenen Merkmale gelost. Es hat sich 
20 gezeigt, dafi die Fullstoffe dann ein besonders gutes Viskositatsverhalten aufweisen, wenn sie sich einer 
Fullerkurve annahern. Die Fullerkurve ist definiert durch: 



25 d = r . ioo (%) 



max 



mit 

30 D = Siebdurchgang (%) 

d = Korngro/te (urn) 

= maximale Korngro/te (urn). 
Das erfindungsgemafie Aluminiumhydroxid lafit sich durch die in Tabelle 1 angegebenen Kornverteilun- 
gen naher beschreiben. Zum Vergleich wurden handelsubliche Produkte anderer Hersteller herangezogen 
35 und mit V1 bis 4 bezeichnet. Zur Verdeutlichung der Unterschiede der Kornverteilungen sind in Tabelle 1 
die Parameter dio, d 5 o und d 90 sowie Breite B = Vdio" - VcITo mit den Werten nach Fuller verglichen. Die 
Fullerkurve beschreibt dabei den Zustand einer Kornverteilung, bei der das Luckenvolumen bei gegebenem 
Maximalkorn gegen 0 geht (s. Harders-Kienow, Feuerfestkunde, S. 78-82). 

Bei den in Tabelle 1 aufgelisteten Werten wurde rechnerisch von einer mittleren Korngro/te dso = 11 
40 urn ausgegangen. Die Werte fur dio und dso wurden graphisch nach dem Siebdurchgang ermittelt (s. Abb. 
1). Aus Tabelle 1 geht hervor, da/3 die Kornverteilung des erfindungsgema/ten Produktes der idealen 
Fullerkurve in diesem Feinheitsbereich am nachsten kommt. 

Das Viskositatsverhalten des erfindungsgema/ten Produktes wird in Abb. 2 im Vergleich zu handelsubli- 
chen Hydroxiden VI bis V4 dargestellt. Aufgetragen ist die relative Viskositat uber den Fullgrad in einem 
45 ungesattigten Polyesterharz von Typ Leguval N 22, wobei die Me/tergebnisse im gefullten Harz dividiert 
wurden durch die Eigenviskositat des Harzes. 

Je niedriger die normierte Viskositat bei einem bestimmten Fullgrad ist, urn so besser Iai3t sich das 
gefullte Harz verarbeiten. Somit ist aus Abb. 2 ersichtlich, da/5 das Viskositatsverhalten mit dem erfindungs- 
gemafien Produkt ein Optimum erreicht. 
so Der Grenzfullgrad als Obergang von "gerade noch fliefifahig" zu "stichfest" wird die Beispiele nach 
Abb. 2 wie folgt definiert: Die Viskositat des untersuchten Harzes ist mehr als 110 ma! grofier als die des 
ungefUllten Harzes. Unter dieser Voraussetzung wird fur den Vergleichsversuch V4 der GrenzfOllgrad bei 
140 Teilen Hydroxid auf 100 Teile Harz erreicht, wahrend beim erfindungsgema/Jen Produkt der Grenzwert 
erst bei ca. 180 Teilen Hydroxid auf 100 Teilen Harz erreicht wird. 
55 Im folgenden wird das erfindungsgema/te Verfahren zur Herstellung eines gemeinen Hydroxids mit 
guten Fullstoffeigenschaften beschrieben. Dabei wird eine Schwingmuhle eingesetzt (Typ PALLA 20 U, Fa. 
KHD) mit folgenden Betriebsparametern: 
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Schwingkreis: 


4-6 urn 


Drehzahl: 


1 400 Upm 


Mahlkorper: 


1/2" Cylpebs aus Keramik 


Fullgrad der Mahlkorper: 


ca. 66 % 


Durchsatz: 


40 - 60 kg/h Hydroxid. 



Als Aufgabematerial wurde ein Aluminiumhydroxid mit einer mittleren Korngrotfe von 40 - 60 urn 
gewahlt, bei dem der Grobanteil uber 128 urn, max. 5 % aufwies. Nach Mahlung wurde ein Aluminiumh- 
w ydroxid mit einer mittleren Korngrotfe von 11 um bei einer Kornobergrenze von 60 urn von max. 0,5 % 
erhalten. 



Tabelle 1 



Kornverteilungen beim erfindungsgema/ten Produkt E und Vergleichsprodukten V 1 - V4 




Fuller 


E 


V1 


V2 


V3 


V4 


dao (urn) 


35,6 


30,9 


28,1 


27,3 


22,6 


21 ,7 


dso (urn) 


11 


ca.1 1 


ca. 11 


ca.1 1 


ca.1 1 


11 


di 0 (um) 


0,4 


1.8 


2,1 


2,3 


2,1 


4,0 


B ( um) 


5,31 


4,22 


3,85 


3,71 


3,30 


2,66 



25 Patentanspruche 

1. Gemahlenes Aluminiumhydroxid mit einer mittleren Korngrofle dso von 10 - 15 um, vorzugsweise 11 - 
14 um, dadurch gekennzeichnet, da/3 die Kornobergrenze bei 63 um mit max. 0,5 % begrenzt ist und 
da/3 die Breite B der Komverteilung, gemessen als B = Vdso - VdToT zwischen 4 - 5 liegt 

30 

2. Veriahren zur Herstellung eines Aluminiumhydroxid fur die Einmischung in Duroplaste, wobei ubliches 
nach dem BAYER-Verfahren gewonnenes Aluminiumhydroxid mit einer mittleren Korngrofie d 50 = 40 - 
60 um mit einem Grobanteil > 125 urn' von max. 5 % gemahlen wird, dadurch gekennzeichnet, da/3 
eine Muhle mit Mahlkorpern aus Keramik wie Kugel- Oder Trommelmuhle, vorzugsweise Schwingmuhle 

35 eingesetzt wird. 

3. Flammgeschutzter Kunststoff auf Basis von Duroplasten, enthaltend gemahlenes Aluminiumhydroxid, 
dadurch gekennzeichnet, da/3 die mittlere Korngrofle des Aluminiumhydroxids d 50 = 10-15 um 
betragt, vorzugsweise dso = 11 - 14 um betragt, die Kornobergrenze bei 63 um von max. 0,5 % liegt 

40 und das Mischungsverhaltnis von Hydroxid zu Harz bei 160 - 180 : 100 Gewichtsteilen liegt bei einem 

Grenzfullgrad - gemessen als Ubergang von "gerade noch flie/3fahig" zu "stichfest" - von 110 mal 
hoherer Viskositat als der des ungefullten Harzes. 
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Viskositotsverholten von Apyrol 16 und 
Konkurrenzprodukten im UP-Horz Leguvol N 22 
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100 Teile Harz/xTeile Hydroxid 
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© Aluminiumhydroxid fur die Einmischung in Kunststoff und Verfahren zu seiner Herstellung. 



© Bisher war es nicht moglich, mit gemahlenem 
Hydroxid mit einer mittleren Korngro/te von 10-15 
um Fuligrade von mehr als 160 Teilen Hydroxid auf 
100 Telle Kunstharz zu srreichen. 

Es soil ein Aluminiumhydroxid zur Fiammfestma- 
chung von Kunststoffen und Verfahren zu seiner 
Herstellung sowie ein flammgeschutzter Kunststoff 
auf Basis von Duroplasten entwickelt werden, wobei 
das Aluminiumhydroxid mit einem Fullgrad von mehr 
als 160 Teilen Aluminiumhydroxid auf 100 Teile 
Kunstharz einmischbar ist und dabei eine gunstige 
Viskositat aufweist sowie eine glatte Oberflache an 
dem daraus hergestellten Fertigteil zeigt. Das ge- 
mahlene Aluminiumhydroxid zeichnet sich dadurch 
aus, dai3 die Kornobergrenze bei 63 urn mit max. 0,5 
% begrenzt ist und da/3 die Breite B der Kornvertei- 
lung, gemessen als B = Vdio" - VdTo, zwischen 4 - 
5 liegt. Das Verfahren zur Herstellung eines Alumini- 



umhydroxids ist dadurch gekennzeichnet, dafl eine 
Muhle mit Mahlkdrpern aus Keramik wie Kugel- oder 
Trommelmuhle, vorzugsweise Schwingmuhle, einge- 
setzt wird. 

Das erfindungsgemafle Aluminiumhydroxid wird 
fur die Einmischung in Kunststoffe vom Typ Duro- 
piaste verwendet. 
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(3) Fulistoff fur warmeleitende Kunststoffe. 



@ Pulvrige s Gemisch aus Aluminiumoxid mit Fraktionen unterschiedlicher Teilchengrosse und ausserer 
Gestalt, dadurch gekennzeichnet, dass es enthalt : 

(1) 55 bis 75 Volumen-% spharisches a-Alurniniumoxid, von dem mindestens 90 Gew.-% einen 
Teilchendurchmesser von 20 bis 120 fxm aufweisen, 

(2) 35 bis 20 Volumen-% spharisches Aluminiumoxid, von dem mindestens 90 Gew.-% einen 
Teilchendurchmesser von 3 bis 25 aufweisen, und 

(3) 10 bis 1 Volumen-% Aluminiumoxid mit unregelmassiger Teilchengestalt, von dem mindestens 90 
^evy.-/o einen Teilchendurchmesser von 1 bis 7 ^ aufweisen, wobei sich die Volumen-% zu 100 % 
addieren. 

■?!!\ Gem j? ch ? iQ "?L s ! ch . a,s Ful!stoff fQr Kunststoffe, bssonders fur Giessharze, aus denen Formteiie 
mit hoher Warmeieitfahigkeit hergestellt werden konnen. 
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Die vorfiegende Erfindung betrifft eine als Fullstoff zur Hersteliung von warmeleitenden Kunststoffen ge- 
eignete Zusammensetzung aus drei verschiedenen Fraktionen von Aluminiumoxidteilchen mit jeweils unter- 
schiedlichen Teilchendurchmessem, eine Zusammensetzung aus einem Kunststoff und diesem Fullstoff und 
die Verwendung der Kunststoffzusammensetzung als Formmassen zur Hersteliung von Formteilen und Ver- 
5 bundwerkstoffen 

Es ist bekannt, dass Kunststoffe schlechte Warmeleiter sind. Zur Verbesserung der Warmeleitfahigkeit 
werden Kunststoffen daher feinteilige metallische oder mineralische Fullstoffe einverieibt. Die Verwendung von 
metallischen Fulistoffen ist nur moglich, wenn keine elektrischen Isoliereigenschaften gefordert sind. Als mi- 
neralische Fullstoffe werden haufig Quwarz und amorphes Silica, mit denen man bei hohen Fullgraden eine 

w thermische Leitfahigkeit bis zu etwa 2,5 W/mK, oder besonders Aluminiumoxid eingesetzt, mit dem man eine 
thenmische Leitfahigkeit bis zu etwa 3,5 W/mK erzielen kann. Zur Vermeidung des Abriebs bei Werkzeugen 
werden zweckmassig spharische Teilchen eingesetzt. Es istferner bekannt, dass der Abrieb durch die Wahl 
von Teilchen geringer Grosse vermindert werden kann, was aber auch zu einer Verminderung des Fullgrades 
und damit der Warmeleitfahigkeit fuhrt 

15 In CA 112: 57551r (1990) sind thermisch leitende Polymere beschrieben, die elektrisch geschmolzenes 

Aluminiumoxidpulver als Fullstoff enthalten. Dieser Fullstoff ist bekannterweise abrasiv, was die Anwendungs- 
moglichkeiten einschrankt 

In CA 1 12:57894e (1990) sind Epoxidharze mit a-Aluminiumoxid als Fullstoff beschrieben, die einen mitt- 
leren Teilchendurchmesser von 5 bis 60 urn aufweisen. Der erzielbare Fullgrad und die thermische Leitfahigkeit 
20 werden als nicht ausreichend empfunden. 

In CA 111: 175480u (1989) sind thermisch leitende Polymere beschrieben, die eine Mischung aus Alumi- 
niumoxid und hauptsachlich spharischem Korund mit einem sehrkleinen Teilchendurchmesser zwischen 5 und 
10 urn enthalten. Mit diesem Fullstoffkonnen keine hohen Fullgrade und damit hohe thermische Leitfahigkeiten 
erzielt werden. 

25 Es wurde nun gefunden, dass man sowohl den Fullgrad weiter erhohen als auch hohere thermische Leit- 

fahigkeiten erzielen kann, wobei die thermischen Ausdehnungskoeffizienten nahe bei denen von Metalien wie 
zum Beispiel Kupfer, Siiber oder Gold liegen, wenn man als Fullstoff ein Gemisch von Aluminiumoxidfraktionen 
mit unterschiedlicher Partikelgrdsse und von unterschiedlicher Gestalt verwendet. Es wurde ferner gefunden, 
dass mit diesem Fullstoff niedrigviskose Giessharze mit sehr hohem Fullstoffgehalt erhalten werden, die eine 
30 ausgezeichnete Giessfahigkeit und damit Verarbeitbarkeit aufweisen. 

Ein Gegenstand der Erfindung ist somit ein pulvriges Gemisch aus Aluminiumoxid mit Fraktionen unter- 
schiedlicher Teilchengrdsse und ausserer Gestalt, das dadurch gekennzeichnet ist, dass es enthait: 

(1) 55 bis 75 Volumen-% spharisches a-Aluminiumoxid, von dem mindestens 90 Gew.-% einen Teilchen- 
durchmesser von 20 bis 120 ^im aufweisen, 
35 (2) 35 bis 20 Volumen-% spharisches Aluminiumoxid, von dem mindestens 90 Gew.-% einen Teilchen- 

durchmesser von 3 bis 25 urn aufweisen, und 

(3) 10 bis 1 Volumen-% Aluminiumoxid mit unregelmassiger Teilchengestalt, von dem mindestens 90 
Gew.-% einen Teilchendurchmesser von 1 bis 7 pm aufweisen, wobei sich die Volumen-% zu 100 % ad- 
dieren. 

40 Die Grossenverteilung der Teilchen wird mit einer Laser-Scanning-Messvorrichtung (Typ CIS der LOT 

GmbH, Darmstadt, Deutschland) bestimmt. Hierbei werden die Teilchen der mittleren 90 Gew.-% ohne die be»- 
den Schwanzbereiche der Verteilungskurve erfasst Die Volumenprozente beziehen sich auf die im pulvrigen 
Gemisch vorhandenen Feststoffe. 

In einer bevorzugten Ausfuhrungsform enthait das Gemisch 

45 a) 65 bis 75 Volumen-% der Komponente (1), 

b) 35 bis 22 Volumen-% der Komponente (2). und 

c) 7 bis 1 Volumen-% der Komponente (3). 
wobei sich die Volumen-% zu 100 % addieren. 

In einer bevorzugten Ausfuhrungsform enthait das Gemisch 
so a) 70 bis 75 Volumen-% der Komponente (1), 

b) 30 bis 22 Volumen-% der Komponente (2), und 

c) 7 bis 1 Volumen-% der Komponente (3), 
wobei sich die Volumen-% zu 100 % addieren. 

Unregeimassige Gestalt bedeutet nicht nachbehandelte Teilchen, wie sie zum Beispiel nach einem Mahl- 
55 vorgang vortiegen. 

Der Teilchendurchmesser von Komponente (1) betragt bevorzugt 30 bis 100 um, von Komponente (2) be- 
vorzugt 3 bis 20 um und von Komponente (3) bevorzugt 1 bis 5 um. 

Die ubrigen 10 Gew.-% der Komponente (1) konnen Teilchen mit einem Durchmesser von mehr als 120 

2 
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urn und bis zu 200 um sowie von weniger als 20 u.m und bis zu 0,1 um, der Komponente (2) konnen Teilchen 
mit einem Durchmesser von mehr als 25 \vm und bis zu 40 urn sowie von weniger als 3 u,m und bis zu 0,01 
urn, und der Komponente (3) konnen Teilchen mit einem Durchmeser von mehr als 7 |xm und bis zu 20 u^n 
und weniger als 1 jim und bis zu 0,001 u.m enthalten. 
5 Die erfindungsgemassen Gemische konnen durch Vermischen der drei Komponenten hergestellt werden. 

Teilchenformige Aluminiumoxide sind bekannt und kommerziell erhaltlich. Fraktionen mitdefinierten Bereichen 
der Teilchengrdssen sind durch ubliche Trennverfahren erhaltlich. Mit den Trennverfahren konnen auch Frak- 
tionen so hergestellt werden, dass der Anteil der Schwanzbereiche der Verteilungskurven vermindert oder ent- 
femt wird. So konnen die drei Fraktionen im erfindungsgemassen pulvrigen Gemisch mindestens 95 Gew.% 
10 oder 100 Gew.-% Teilchen mit den zuvor definierten Teilchendurchmessem enthalten. Spharische Teilchen 
konnen zum Beispiel durch Sinterverfahren oder Schmelzverfahren hergestellt werden. Die Herstellung ver- 
schiedener Modifikationen von Aluminiumoxidteilchen istallgemein bekannt. Die Komponenten (2) und (3) kon- 
nen unterschiedliche Modifikationen aufweisen. 

Die erfindungsgemassen Gemische eignen sich hervorragend als Fullstoffe fur Polymere, urn die Warme- 
15 leitfahigkeit zu erhohen, wobei die Abrasivitat der Zusammensetzung gering ist. 

Ein weiterer Gegenstand der Erfindung ist eine Zusammensetzung, enthaltend in gleichmassiger Vertei- 

lung 

a) 10 bis 95 Gew.-% eines thermoplastischen Oder strukturell vernetzten Polymeren, und 

b) 90 bis 5 Gew.-% des zuvor beschriebenen pulvrigen Gemischs. 

20 Die Zusammensetzung enthalt im allgemeinen bevorzugt 1 0 bis 90 Gew.-% Polymer und 90 bis 1 0 Gew.-% 

des pulvrigen Gemischs. Je nach Verwendungszweck kann der Gehalt des pulvrigen Gemischs im Polymer 
unterschiedlich hoch sein. So kann fur viele Formteile, fur die keine sehr hohe Warmeleitf§higkeit gefordert ist, 
ein Gehalt von 5 bis 50 Gew.-%, bevorzugt 10 bis 40 Gew.-% des pulvrigen Gemischs den Anforderungen an 
Gebrauchsgegenstande zur Warmeableitung genugen. Wenn eine sehr hohe Warmeleitfahigkeit erzielt werden 
25 soil, zum Beispiel bei Klebern fur die Verbindung von Metallteilen oder Giessharzen fur die Umhullung von elek- 
trischen oder elektronischen Bauteilen, betragt der Gehalt des pulvrigen Gemischs im allgemeinen mehr als 
50 Gew.-%, bevorzugt 60 bis 90 Gew.-% und besonders 70 bis 90 Gew.-% 

Bei den thermoplastischen Polymeren kann es sich zum Bieispiel um die folgenden Polymeren, Copoly- 
meren bzw. Mischungen von diesen Polymeren handeln: 
30 1. Polymere von Mono- und Diolefinen, beispielsweise Polypropylen, Polyisobutylen, Polybuten- 1, Poly- 

methyl penten- 1, Polyisopren oder Polybutadien sowie Polymerisate von Cycloolefinen wie z.B. von Cy- 
clopenten oder Norbornen; ferner Polyethylen (das gegebenenfalls vernetzt sein kann), z.B. Polyethylen 
hoher Dichte (HDPE), Polyethylen niederer Dichte (LDPE), lineares Polyethylen niederer Dichte (LLDPE). 

2. Mischungen derunter 1) genannten Polymeren, z.B. Mischungen von Polypropylen mit Polyisobutylen, 
35 Polypropylen mit Polyethylen (z.B. PP/HDPE, PP/LDPE) und Mischungen verschiedener Polyethylentypen 

(z.B. LDPE/HDPE). 

3. Copolymere von Mono- und Diolefinen untereinander oder mit anderen Vinyl monomeren, wie z.B. Et- 
hyl en-Propyl en-Co polymere, lineares Polyethylen niederer Dichte (LLDPE) und Mischungen desselben mit 
Polyethylen niederer Dichte (LDPE), Propyl en-Buten-1 -Copolymere, Propyl en-l so butylen-Copolymere, Et- 

40 hylen-Buten-1 -Copolymere, Ethylen-Hexen-Copolymere, Ethylen-M ethyl penten-Co polymere, Ethylen- 

Hepten-Copolymere, Ethyien-Octen-Copolymere, Propyten-Butadien-Copolymere, lsobutylen-lsopren- 
Copolymere, Ethyien-Alkylacryiat-Copolymere, Ethylen-Alkyimethacrytat- Copolymere, Ethyl en- Vinylace- 
tat-Copolymere oder Ethylen-Acryisaure-Copolymere und deren Salze (lonomere), sowie Terpolymere von 
Ethylen mit Propylen und einem Dien, wie Hexadien, Dicyclo pentad ien oder Ethyl iden norbornen; femer 

45 Mischungen soicher Copolymere untereinander und mit unter 1) genannten Polymeren, z.B. Polypropy- 

len/Ethylen-Propylen-Copolymere, LDPE/Ethylen-Vinylacetat-Copolymere. LDPE/Ethylen-Acrylsaure- 
Copolymere, LLDPE/Ethylen-Vinylacetat-Copolymere und LLDPE/Ethylen-Acryisaure-Copolymere. 
3a. Kohlenwasserstoffharze (z.B. Cs-Cq) inklusive hydrierte Modifikationen davon (z.B. Klebrigmacherharze). 

4. Polystyrol, Poly-(p-methylstyrol), Poly-(a-methylstyrol). 

so 5. Copolymere von Styrol oder a-Methylstyrol mit Dienen Oder Acrylderivaten, wie z.B. Styrol-Butadien, 

Styrol-Acrylnitril, Styrol-Alkylmethacrylat, Styrol-Butadien-Alkylacrylat, Styrol-Maleinsaureanhydrid, Sty- 
rol-Acrylnitril-Methylacrylat; Mischungen von hoher Schlagzahigkeit aus Styrol-Copolymeren und einem 
anderen Polymer, wie z.B. einem Polyacrylat, einem Dien-Polymeren oder einem Ethylen-Propylen-Dien- 
Terpolymeren; sowie Biock-Copolymere des Styrols, wie z.B. Styrol-Butadien-Styrol, Styrol-lsopren-Styrol, 

55 StyroJ-Ethylen/Butylen-Styroi oder Styrol-Ethylen/Propylen-Styrol. 

6. Pfropfcopolymere von Styrol oder a-Methylstyrol, wie z.B. Styrol auf Polybutadien, Styrol auf Polybuta- 
dien-Styrol- oder Polybutadien-Acrylnitril-Copolymere, Styrol und Acrylnitnl (bzw. Methacrylnitri!) auf Po- 
lybutadien; Styrol, Acrylnitril und Methyimethacrylat auf Polybutadien; Styrol und Maleinsaureanhydrid auf 
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Polybutadien; Styrol, Aciylnitril und Maleinsaureanhydrid oder Maleinsaureimid auf Polybutadien; Styrol 
und Maleinsaureimid auf Polybutadien, Styrol und Alkylacrylate bzw. Alkylmethacrylate auf Polybutadien, 
Styrol und Acrylnitril auf Ethyien-Propylen-Dien-Terpolymeren, Styrol und Acrylnitril auf Polyalkylacryfaten 
Oder Polyalkylmethacrylaten, Styrol und Acrylnitril auf Acrylat-Butadien-Copolymeren, sowie deren Mi- 
schungen mit den unter 5) genannten Copolymeren, wie sie z.B. als sogenannte ABS-, MBS-, ASA- oder 
AES-Polymere bekannt sind. 

7. Halogenhaltige Polymere, wie z.B. Polychloropren, Chlorkautschuk, chloriertes oder chlorsulfoniertes 
Polyethylen, Copolymere von Ethylen und chloriertem Ethylen, Epichlorhydrinhomo- und -copolymere, ins- 
besondere Polymere aus halogenhaltigen Vinylverbindungen, wie z.B. Polyvinyichlorid, Polyvinylidenchlo- 
rld, Polyvinylfluorid, Polyvinyl idenfluorid; sowie deren Copolymere, wie Vinylchlorid-Vinylidenchlorid, 
Vinylchlorid-Vinylacetat oder Vinylidenchlorid-Vinylacetat. 

8. Polymere, die sich von a,p-ungesattigten Sauren und deren Derivaten ableiten, wie Polyacrylate und 
Polymethacrylate, Polyacryl amide und Polyacrylnitrile. 

9. Copolymere der unter 8) genannten Monomeren untereinander oder mit anderen ungesattigten Mono- 
meren, wie z.B. Acryinitril-Butadien-Copolymere, Acrylnitril-Alkylacrylat-Copolymere, Acrylnitril-Alkoxyal- 
kylacrylat-Copolymere, Acryfnitril-Vinyl halogen id-Copolym ere Oder Acrylnitril-Alkylmethacrylat-Butadien- 
Terpolymere. 

10. Polymere, die sich von ungesattigten Alkoholen und Aminen bzw. deren Acylderivaten oder Acetalen 
ableiten, wie Polyvinylalkohol, Polyvinyl acetat, -stearat, -benzoat, -maleat, Polyvinylbutyral, Polyallylpht- 
halat, Polyallylmelamin; sowie deren Copolymere mit in Punkt 1 genannten Olefinen. 

11. Homo- und Copolymere von cyclischen Ethern, wie Polyalkylenglykoie, Polyethylenoxyd, Poiypropy- 
lenoxyd oder deren Copolymere mit Bisglycidylethern. 

12. Polyacetale, wie Polyoxymethylen, sowie solche Poiyoxymethylene, die Comonomere, wie z.B. Ethy- 
lenoxid, enthalten; Polyacetale, die mit thermoplastischen Polyurethanen, Acrylaten oder MBS modifiziert 
sind. 

13. Polyphenyienoxide und -sulfide und deren Mischungen mit Styrol polymere n oder Polyamiden. 

14. Polyurethane, die sich von Polyethern, Polyestern und Polybutadienenmitendstandigen Hydroxylgrup- 
pen einerseits und aliphatischen oder aromatischen Polyisocyanaten andererseits ableiten, sowie deren 
Vorprodukte. 

15. Polyamide und Copolyamide, die sich von Diaminen und Dicarbonsauren und/oder von Aminocarbon- 
sauren oder den entsprechenden Lactamen ableiten, wie Polyamid 4, Polyamid 6, Polyamid 6/6, 6/10, 6/9, 
6/12, 4/6, Polyamid 11, Polyamid 12, aromatische Polyamide ausgehend von m-Xylylendiamin und Adi- 
pinsaure; Polyamide, hergestellt aus Hexamethylendiamin und Iso- und/oder Terephthalsaure und gege- 
benenfalls einem Elastomer als Modifikator, z.B. Poly-2,4,4-trimethylhexamethylenterephthalamid, 
Poly-m-phenylen-isophthalamid. Block-Co polymere der vorstehend genanntenPolyamide mit Polyolefi- 
nen, Olefin-Copolymeren, lonomeren oder chemisch gebundenen oder gepfropften Elastomeren; oder mit 
Polyethern, wie z.B. mit Polyethyienglykol, Polypropylenglykol oder Polytetramethylenglykol. Femer mit 
EPDM oder ABS modifizierte Polyamide Oder Copolyamide; sowie wahrend der Verarbeitung kondensierte 
Polyamide ("Rl M-Polyamidsysteme n ). 

16. Polyhamstoffe, Polyimide, Polyamid-imide und Polybenzimidazole. 

17. Polyester, die sich von Dicarbonsauren und Dialkoholen und/oder von Hydroxycarbonsauren Oder den 
entsprechenden Lactonen ableiten, wie Polyethylenterephthalat, Polybutylenterephthalat, Poly- 1,4-dime- 
thylolcyclohexanterephthalat, Polyhydroxybenzoate, sowie Block-Pol yether-ester, die sich von Polyethern 
mit Hydroxylendgruppen ableiten; femer mit Polycarbonaten oder MBS modifizierte Polyester. 

18. Polycarbonate und Polyestercarbonate. 

19. Polysulfone, Polyethersulfone und Polyetherketone. 

20. Polyether aus Diglycidylverbindungen, zum Beispiel Diglycidyiethem und Diolen, z. B. aus Bisphenol- 
A-Diglycidylether und Bisphenol-A. 

21. Naturliche Polymere, wie Cellulose, Naturkautschuk, Gelatine, sowie deren polymerhomolog chemisch 
abgewandelte Derivate, wie Ceiluloseacetate, -propionate und -butyrate, bzw. die Celluloseether, wie Me- 
thylcellulose; sowie Kolophoniumharze und Derivate. 

22. Mischungen (Polyblends) der vorgenannten Polymeren, wie z.B. PP/EPDM, Polyamid/EPDM oder 
ABS, PVC/EVA, PVC/ABS, PVC/MBS, PC7ABS, PBTP/ABS, PC/ASA, PC/PBT, PVC/CPE, PVC/Acrylate, 
POM/thermoplasbsches PUR, PC/thermoplastisches PUR, POM/Acrylat, POM/MBS, PPO/HIPS, PPO/PA 
6.6 und Copolymere, PA/HDPE, PA/PP, PA/PPO. 

Bei den strukturell vemetzten Polymeren kann es sich zum Beispiel urn folgende Polymere handeln: 
1. Vernetzte Polymere, die sich von Aldehyden einerseits und Phenolen, Harnstoff oder Melamin anderer- 
seits ableiten. wie Phenol-Formaldehyd-, Harnstoff-Forrnaldehyd- und Melamin-Formaldehydharze. 
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2. Trocknende und nicht-trocknende Alkydharze. 

3. Ungesattigte Poiyesterharze, die sich von Copolyestern gesattigter und ungesattigter Dicarbonsauren 
mit mehrwertigen Alkoholen, sowie Vinylverbindungen als Vemetzungsmittel ableiten, wie auch deren ha- 
logenhaltige, schwerbrennbare Modifikationen. 

4. Vernetzbare Acrylharze, die sich von substituierten Acrylsaureestern ableiten, wie z.B. von Epoxyacry- 
laten, Urethan-acrylaten oder Poiyester-acryiaten. 

5. Alkydharze, Polyesterharze und Acryiatharze, die mit Melaminharzen, Harnstoffharzen, Polyisocyana- 
ten oder Epoxidharzen vernetzt sind. 

6. Kautschuk auf der Basis von vernetzten Polydienen, zum Beispiel Butadien oder Isopren; Silikonkau- 
tschuk. 

7. Epoxidharze, die sich von Polyepoxiden ableiten, z.B. von Bisglycidylethem von Polyolen oder von cy- 
cloaiiphatischen Diepoxiden. 

Unter den vernetzten Polymeren sind vernetzte Epoxidharze bevorzugt, denen als Polyepoxide bevorzugt 
Glycidylverbindungen mit durchschnittlich zwei Epoxidgruppen im Molekul zu Grunde liegen. Als Glycidylver- 
bindungen kommen vor allem solche mit zwei an ein Heteroatom (z.B. Schwefel, vorzugsweise Sauerstoff Oder 
Stickstoff) gebundenen Glycidylgruppen, 0- Methyl glycidylgruppen Oder 2,3-Epoxycydopentylgruppen in Fra- 
ge; genannt seien insbesondere Bis-(2,3-epoxycydopentyl)-ether; Diglycidyl ether von mehrwertigen aliphati- 
schen Alkoholen, wie 1,4-ButandioI, oder Polyalkylenglykolen, wie Polypropylenglykole; Diglycidyl ether von 
cycloaliphatischen Polyolen, wie 2,2-Bis-(4-hydroxycyciohexyl)-propan; Diglyctdyfether von mehrwertigen 
Phenolen, wie Resorcin, Bis-(p- hydroxy phenyl)-methan, 2,2-Bis-(p-hydroxyphenyl)-propan (=Diomethan), 2,2- 
Bis-(4'-hydroxy-3%5'-dibromphenyl)-propan, 1 ,3-Di-(p-hydroxyphenyl)-ethan; Di-(0-methylgiycidyl)-ether der 
oben angefuhrten zweiwertigen Alkohole Oder zweiwertigen Phenole; Diglycidylester von Dicarbonsauren, wie 
Phthalsaure, Terephthalsaure, A4-Tetrahydro phthalsaure und Hexahydrophthalsaure; N,N-Diglycidylderivate 
von primaren Aminen und Amiden und heterocyclischen, zwei N-Atome enthaltenden Stickstoffbasen, und 
N,N'-Diglycidylderivate von disekundaren Diamiden und Diaminen, wie N,N-Diglycidylanilin, N,N-Diglycidylto- 
luidin, N,N-Diglycidyl-p-aminophenyi-methyi-ether, N f N'-Dimethyl-N,N'-diglycidyl-bis- (p-aminophenyl)-me- 
than; N',N"-Diglycidyl-N-phenyl-isocyanurat; N,N'-Diglycidyl ethyl en hamstoff; N,N'-Diglycidyl-5,5-dimethyl- 
hydantoin, N,N'-Dig!ycidyl-5-isopropy1-hydantoin, N,N-Methylen-bis-(N',N'-diglycidyl-5,5-dimethyihydantoin), 
1,3-Bis-(N-glycidyl-5,5-dimethyihydantoin)-2-hydroxypropan; N.N'-DiglycidylS^-dimethyl-S-isopropyl-S.S-di- 
hydro-uracil, Triglycidylisocyanurat. 

Eine bevorzugte Gruppe von Epoxidharzen sind glycidylierte Novolake, Hydantoine, Aminophenole, 
Bisphenoie und aromatische Diamine odercycloaliphatische Epoxidverbindungen. Besonders bevorzugte Ep- 
oxidharze sind glycidylierte Kresolnoyolake, Bisphenol-A- und Bisphenol-F-diglycidylether, Hydantoin-N,N'- 
bisglycid, p-Aminophenoltriglycid, Diaminodiphenylmethantetraglycid, Vinylcyclohexendioxid, 3,4-Epoxycyclo- 
hexylmethyl-3,4-epoxycyclohexancarboxyIat oder Mischungen hiervon. 

Geeignet sind auch vorreagierte Addukte solcher Epoxidverbindungen mit Epoxidhartern, zum Beispiel ein 
Addukt aus Bisphenol-A-diglycidylether und Bisphenol-A, oder mit Oligoestem mit zwei terminalen Carboxyl- 
gruppen und Epoxide n vorreagierte Addukte. 

Als Harterfur Epoxidharze kommen saure Oder basische Verbindungen in Frage. Als geeignete Harter sei- 
en zum Beispiel genannt: Amine, wie zum Beispiel altphatische, cycloaliphatische oder aromatische, primare, 
sekundaare und tertiare Amine, z. B. Ethyiendiamin, Hexamethylendiamin, Trimethylhexamethylendiamin, Die- 
tylentriamin, Triethylentetraamin, Teraethylenpentaamin, N.N-Dimethylpropyien- 1,3-diamin, N.N-Diethylpro- 
pylen- 1,3-diamin, 2,2-Bis-(4 , -aminocyclohexyl)-propan, 3,3,5-Trimethyl-3-(aminomethyl)cyclohexylamin (Iso- 
phorondiamin), Mannichbasen wie z. B. 2,4 t 6-Tris-(dimethylaminomethyl)-phenol, m-Phenylendiamin, p-Phe- 
nyiendiamin, Bis-(4-aminophenyl)-methan, Bis-{4-aminophenyi)-suifon t Xylyiendiamin; Aminoalkohoie wie z. 
B. Aminoethanol, 1,3-Aminopropanol, Diethanolamin oder Triethanoiamin; Addukte von Aciylnitril an Polyalky- 
lenpolyamine oder Monoepoxiden (Ethylenoxid, Propylenoxid) an Pol yalkylen poly amine (Diethylentriamin, 
Triethylentetraamin; Addukte aus einem Ueberschuss Polyaminen (Diethylentriamin, Triethylentetraamin) und 
Polyepoxiden wie z. B. Bisphenol-A-diglycidylethern; Polyamide, insbesondere solche aus aiiphatischen Po- 
lyaminen (Diethylentriamin, Triethylentetraamin) und di- oder trimerisierten ungesattigten Fettsauren (dimeri- 
sierte Leinolfettsaure, Versamid®); Dicyandiamid; Polysulftde (Thiokol®); Anilin-Fomnaldehyde; mehrwertige 
Phenole (Resorcin, 2,2-Bis-(4-hydroxyphenyl)-propan) oder Phenol-Formaldehyd-Harze; mehrbasische Car- 
bonsauren und ihre Anhydride, z. B. Phthalsaureanhydrid, Tetrahydrophthalsaureanhydrid, Hexahydrophthal- 
saureanhydrid, 4-Methylhexahydrophthalsaureanhydrid, 3,6-Endomethylen-tetrahydrophthalsareanhydrid, 
4-Methyl-3,6-endomethylen-tetrahydro phthalsaureanhydrid (Methylnadicanhydrid), 3,4,5, 6,7, 7-Hexachior-en- 
domethylen-tetrahydrophthalsaureanhydrid, Bernsteinsaureanhydrid, Adipinsaureanhydrid, Trimethyladipin- 
saureanhydrid, Sebacinsaureanhydrid, MaJeinsaureanhydrid, Dodecyl bernsteinsaureanhydrid, Pyromellit- 
sauredianhydrid, Trimellitsaureanhydrid, Benzophenontetracarbonsauredianhydrid, Oder Gemische solcher 
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Anhydride. 

Eine bevorzugte Gruppe von Hartern sind Polyamine, Novolake, Polyaminoamide und Polycarbonsaure- 
anhydride. 

Die Epoxidharze konnen auch zusatzlich mit Hartunbsbeschleunibem oder nur mit thermischen Hartungs- 
5 katalysatoren gehartet werden. Beispiele sind tertiare Amine, deren Salze oder quaternare Ammoniumverbin- 
dungen (2,4,6-Tris-(dimethy!aminomethyi)phenol, Benzyldimethyiamin, 2-Ethyl-4-methylimidazol t Triamyl- 
ammoniumphenolat); Mono- oder Polyphenole (Phenol, Diomenthan, Salicylsaure); Bortrifiuorid und seine 
Komplexe mit organischen Verbindungen wie z. B. Bortrifluorid-Etherkompiexe und Bortrifiuorid-Amin-Komple- 
xe (BF 3 -Monoethylamin-Komplex); Phosphorsaure und Triphenylphosphit. 
10 Hartungsbeschleuniger und Katalysatoren werden ublicherweise in einer Menge von 0,1 bis 10 Gew.-% 

zugegeben, bezogen auf das Epoxidharz. Harterfur Epoxidharze werden im allgemeinen in aquimolaren Men- 
gen verwendet, bezogen auf die Epoxidgruppen und funktionellen Gruppen eines Harters. 

Der erfindungsgemassen Zusammensetzung konnen weitere Additive zur Verbesserung der Verarbei- 
tungseigenschaften, der mechanischen, elektrischen und thermischen Eigenschaften, der Oberflacheneigen- 
15 schaften und der Lichtstabilitat einverleibt sein, zum Beispiel feinteilige Fullstoffe, VerstarkerfuHstoffe, 
Weichmacher, Gleit- und Entformungsmittel, Haftvermittler, Antioxidantien, Warme- und Lichtstabilisatoren, 
Pigmente und Farbstoffe. Werden weitere Fullstoffe und/oder VerstarkerfuHstoffe mitverwendet. so betragt de- 
ren Hochstmenge zweckmassig zusammen mit dem erfindungsgemassen pulvrigen Gemisch hochstens 95 
Gew.-%, bevorzugt hochstens 90 Gew.-%, bezogen auf die Zusammensetzung. 
20 Die Herstellung der erfindungsgemassen Zusammensetzung kann nach in der Kunststofftechnik bekann- 

ten Verfahren erfolgen, zum Beispiel durch Vermischen des feinteiligen wSrmeleitenden Fullstoffs mit dem 
Kunststoff vor, wahrend oder nach der Herstellung, durch Plastrfizieren des Kunststoffe und Vermischen mit 
dem FullstofT mittels Kalandrieren, Kneten, Extrudieren oder Spritzgiesen zur Herstellung von Granulaten oder 
Formkorpem. Es ist auch moglich, Kunststoffpulver mit dem Fullstoff trocken zu vermischen oder den FullstofT 
25 in einer Kunststofflosung zu suspendieren und dann das Losungsmittel zu entfernen. 

Bei Duroplasten und strukturell vernetzten Polymeren wird der feinteilige Fullstoff zweckmassig vor der 
Formgebung und vor dem Harten bzw. Vernetzen zugesetzt, zum Beispiel durch gemeinsames Vermischen 
der Kunststoffkomponenten mit dem Fullstoff, wobei dieser zuvor einer Komponente einverleibt werden kann. 
Das erfindungsgemasse pulvrige Gemisch kann dem Kunststoff in Form des Gemischs selbst, in Kombi- 
30 nation von 2 Komponenten und danach der Zugabe der dritten Komponente oder durch die aufeinanderfolgen- 
de Zugabe der einzelnen Komponenten einverleibt werden. 

Das erfindungsgemasse Gemisch eignet sich besonders zur Herstellung von hochgefullten Giessharzen 
auf der Basis von Epoxidharzen, wobei daraus hergestellte Formkorper Warmeleitfahigkeiten bei relativ nied- 
rigen Temperaturen von uber 3,2 und sogar uber 4 W/mK aufweisen konnen. Trotz der hohen Fullgrade ist die 
35 Viskositat der Giessharze noch so niedrig, dass sie gegebenenfalls bei Erwarmung und/oder Vibration fliess- 
fahig sind und gut zu Formteilen verarbeitet werden konnen. 

Ein weiterer Gegenstand der Erfindung ist ein Giessharz auf der Basis von Epoxidharzen, das dadurch 
gekennzeichnet ist, dass es in gleichmassiger Verteilung 70 bis 90 Gew.-%, bevorzugt 75 bis 90 Gew.-% und 
besonders bevorzugt 80 bis 90 Gew.-% des erfindungsgemassen pulvrigen Gemischs von Aluminiumoxiden 
40 enthalt. 

In Frage kommende Epoxidharze sind zuvor erwahnt worden. Bevorzugte Epoxidharze sind solche auf der 
Basis von gegebenenfalls vorverlangerten Bisphenoldiglycidylethem, zum Beispiel Bisphenol-A- und Bisphe- 
nol-F-diglycidylether, und Polycarbonsaureanhydriden, zum Beispiel Phthaisaure- und Hydroph thai saurean hy- 
dride als Hartern, die bevorzugt in An wesenheit eines Hartungsbeschleunigers gehartet werden, zum Beispiel 

45 von N-Methylimidazol. 

Die erfindungsgemasse Zusammensetzung ist eine wertvolle Formmasse zur Herstellung warmeleitender 
Formteile aller Art, zum Beispiel Filmen. Folien, Bandern, Fasem, Platten, Halbzeug, Fomrikorpem und Gehau- 
sen. Hierbei konnen die fur die Kunststoffverarbeitung ublichen Verfahren angewendet werden, zum Beispiel 
Giessen, Kalandrieren, Spritzgiessen, Spritzpressen, Extrudieren, Tiefziehen, Press- und Sinterverfahren. Die 

so erfindungsgemasse Zusammensetzung eignet sich besonders zur Herstellung von Heizkorpern, Klebharzen 
und SchmelzWebern bevorzugt fur die Verbindung von Metallen, sowie als warmeleitendes Versiegelungsma- 
terial besonders fur elektrische und elektronische Bauteile. 

Ein weiterer Gegenstand der Erfindung ist die Verwendung der erfindungsgemassen Zusammensetzung 
oder des erfindungsbemassen Giessharzes zur Herstellung von warmeleitenden Formteilen und Verbundwerk- 

55 stoffen. 

Ein anderer Gegenstand der Erfindung ist die Verwendung des Giessharzes als Klebharz zur Verbindung 
von Metallen oder als Versiegelungsmateriai fur elektrische und elektronische Bauteile. 

Die nachfolgenden Beispiele erlautem die Erfindung naher. Die Warmeleitfahigkeit wird durch die thermi- 
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sche Vergleichsmethode mit Pyroceram® 9606 als Referenzmaterial gemessen. Die Methode ist von L C. Hul- 
strom etal. in "Round-Robin Testing Of Thermal Conductivity Reference Materials", Proceeding of thermal con- 
ductivity 19, October 20-23, 1985, Cookevelli, Tennesse, edited by D.W. Yarbrough, beschrieben. 

5 Beispiel 1: 
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Fur die Herstellung eines Giessharzes werden folgende Aluminiumoxidfraktionen ausgewahlt: 

1. Gesintertes, spharisches a-AI 2 0 3 , mittierer Durchmesser 47 ^m, Teilchendurchmesser der mittleren 90 
Gew.-% von 30 bis 100 urn. 

2. Kommerzielles spharisches a- und 6-AI 2 0 3 (Alunabeads CBA-10®, Showa Denko, Japan), mittierer 
Durchmesser 9 u/n, Teilchendurchmesser der mittleren 90 Gew.-% von 3 bis 20 u.m. 

3. Kommerzielles Al 2 0 3 (CTB 5/6FG®, Alcoa), mittierer Durchmesser 3,5 ujti, TeOchendurchmesser der 
mittleren 90 Gew.-% von 1 bis 5 um. 

71 Gew.-% (70 Vol.-%) der 1. Komponente und 28 Gew.-% (29 Voi.-%) der 2. Komponente werden in einer 
15 Polypropylenflasche wahrend 7 Stunden geruhrt (Ruhrer mit beweglichen Ruhrblattern). Danach gibt man 1 
Gew.-% (1 Vol.-%) der 3. Komponente zu und ruhrt eine weitere Stunde. 

Das pulvrige Gemisch wird bei 80 °C unter Ruhren einem Epoxidgiessharz aus 50,9 Gew.-% Bisphenol- 
F-diglycidylether, 48,9 Gew.-% Hexahydrophthalsaureanhydrid und 0,2 Gew.-% N-Methylimidazol in gleich- 
massiger Verteilung einverleibt. Die Menge ist so bemessen, dass die Zusammensetzung unter Vibration noch 
giessfahig ist. Die Zusammensetzung wird in eine Aiuminiumform gegossen und anschliessend 4 Stunden bei 
80 °C und 18 Stunden bei 120 °C gehartet. Der Gehalt an pulvrigem Gemisch wird uber die Dichte bestimmt 
und betragt 73 VoL-% (89,4 Gew.-%). Der gehartete Probenkorper weist bei 40 °C eine Warmeleitfahigkeit von 
4,05 W/mK auf. 



20 



25 Beispiel 2: 



Gemass Beispiel 1 wird ein Epoxidgiessharz mit 88 Gew.-% (70,2 VoL-%) derfolgenden Fullstoffmischung 
hergestellt: 

72,9 Gew.-% (72 VoL-%) Komponente 1. gemass Beispiel 1; 

23.1 Gew.-% (24 Vol.-%) Komponente 2. gemass Beispiel 1; 
4 Gew.-% (4 Vol.-%) Komponente 3. gemass Beispiel 1. 

Die Warmeleitfahigkeit betragt 3,6 W/mK. 

Beispiel 3: 

Gemass Beispiel 1 wird ein Epoxidbiessharz mit 87,6 Gew.-% (69,3 Voi.-%) derfolgenden Fullstoffmi- 
schung hergestellt: 

73,8 Gew.-% (73 Vol.-%) Komponente 1. gemass Beispiel 1; 

22.2 Gew.-% (23 VoL-%) Komponente 2. gemass Beispiel 1; 
4 Gew.-% (4 VoL-%) Komponente 3. gemass Beispiel 1. 

Die Warmeleitfahigkeit betragt 3,3 W/mK, 

Beispiel 4: 



Gemass Beispiel 1 wird ein Epoxidgiessharz mit 68,4 Gew.-% (70,9 VoL-%) der folgenden Fullstoffmi- 
schung hergestellt: 

59 Gew.-% (58 Vol.-%) Komponente 1. gemass Beispiel 1; 
35 Gew.-% (34 Vol.-%) Komponente 2. gemass Beispiel 1 ; 
7 Gew.-% ( 4 VoI.-%) Komponente 3. gemass Beispiel 1. 
Die Warmeleitfahigkeit betragt 3,8 W/mK. 
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Patentanspruche 

1. Pulvriges Gemisch aus Aluminiumoxid mit Fraktionen unterschiediicher Teilchengrosse und ausserer Ge- 
stalt, dadurch gekennzeichnet, dass es enthalt: 

(1) 55 bis 75 Voiumen-% spharisches a-Aluminiumoxid, von dem mindestens 90 Gew.-% einen Teil- 
chendurchmesser von 20 bis 120 u,m aufweisen, 
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(2) 35 bis 20 Volumen-% spharisches Aluminiumoxid, von dem mindestens 90 Gew.-% einen Teilchen- 
durchmesser von 3 bis 25 aufweisen, und 

(3) 10 bis 1 Volumen-% Aluminiumoxid mit unregelmassiger TeSchengestalt, von dem mindestens 90 
Gew.-% einen Teilchendurchmesser von 1 bis 7 u.m aufweisen, wobei sich die Volumen-% zu 100 % 

5 addieren. 

2. Gemisch gemass Anspruch 1 , dadurch gekennzeichnet, dass es 

a) 65 bis 75 Volumen-% dor Komponente (1 ), 

b) 35 bis 22 Volumen-% der Komponente (2), und 

10 c) 7 bis 1 Volumen-% der Komponente (3)enthalt, wobei sich die Volumen-% zu 100 % addieren 

3. Gemisch gemass Anspruch 1, dadurch gekennzeichnet, dass es 

a) 70 bis 75 Volumen-% der Komponente (1), 

b) 30 bis 22 Volumen-% der Komponente (2), und 

15 c ) 7 bis 1 Volumen-% der Komponente (3), enthalt, wobei sich die Volumen-% zu 100 % addieren. 

4. Gemisch gemass Anspruch 1 , dadurch gekennzeichnet, dass der Teilchendurchmesser von Komponente 
(1) 30 bis 100 fim, von Komponente (2) 3 bis 20 u.m und von Komponente (3) 1 bis 5 jam betragt. 
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5. Zusammensetzung, enthaltend in gleichmassiger Verteilung 

a) 10 bis 95 Gew.-% eines thermoplastischen oder strukturell vernetzten Polymeren, und 

b) 90 bis 5 Gew.-% des pulvrigen Gemischs gemass Anspruch 1 . 

6. Zusammensetzung gemass Anspruch 5, dadurch gekennzeichnet, dass sie 10 bis 90 Gew.-% Polymer 
und 90 bis 10 Gew.-% des pulvrigen Gemischs enthalt. 

7. Zusammensetzung gemass Anspruch 5, dadurch gekennzeichnet, dass es sich bei dem strukturell ver- 
netzten Polymer um ein Epoxidharz handelt. 

8. Giessharz auf der Basis von Epoxidharzen, dadurch gekennzeichnet dass es in gleichmassiger Verteilung 
30 70 bis 90 Gew.-% des pulvrigen Gemischs gemass Anspruch 1 enthalt, bezogen auf das Giessharz. 

9. Giessharz gemass Anspruch 8, dadurch gekennzeichnet, dass es 75 bis 90 Gew.-% des pulvrigen Ge- 
mischs enthalt. 

35 10. Giessharz gemass Anspruch 8, dadurch gekennzeichnet, dass es 80 bis 90 Gew.-% des pulvrigen Ge- 
mischs enthalt. 

11. Giessharz gemass Anspruch 8, dadurch gekennzeichnet, dass es als Harzkomponente eine Mischung aus 
Bisphenoldiglycidylethern und einem Poly carbon saureanhyd rid als H arte r enthalt 

^0 12. Giessharz gemass Anspruch 11, dadurch gekennzeichnet, dass es zusatzlich einen Hartungsbeschleu- 
niger enthalt. 

13. Giessharz gemass Anspruch 11, dadurch gekennzeichnet, dass es einen Bisphenol-A- oder Bisphenol- 
F-diglycidylether enthalt. 
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14. Verwendung der Zusammensetzung gemass Anspruch 5 zur Hersteilung von warmeleitenden Formteilen 
und Verbundkorpern. 

15. Verwendung des Giessharzes gemass Anspruch 8 zur Hersteilung von warmeleitenden Formteilen. 

16. Verwendung des Giessharzes gemass Anspruch 8 aJs Klebharz zur Verbindung von Metallen oder als Ver- 
siegelungsmaterial fur elektrische und elektronische Bauteile. 
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(57)Abstract: 
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form a fine powder; and collecting the fine powder at a >500° C high temperature. 
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(54) PRODUCTION OF METAL OXIDE POWDER 

(57)Abstract: 

PURPOSE: To independently control the particle 
diameter of a metal oxide powder to be produced over a 
wide range by controlling the supply of a combustion 
supporting gas in multiple stages to expand or contract 
the combustion flame. 

CONSTITUTION: A combustible gas and an initial 
combustion supporting gas (oxygen) are supplied to a 
metal powder burner 5 to form an ignition flame, and a 
metal powder dispersed in a carrier gas is introduced 
into the ignition flame to form an initial flame I/F close 
to the burner 5. A combustion supporting gas is then 
introduced from feed pipes 61 a,.. .65a to form a 
successive and multistage combustion flame C/F in the 
extending direction of the initial flame I/F. In this case, 
the supply and flow rate of the combustion supporting 
gas from the feed pipes 61 a,... 65a are controlled to 
expand or contract the combustion flame, and the 
particle diameter of the metal oxide powder to be 
produced is controlled. The particle diameter of the 

powder is increased as the formed combustion flame is increased in length, and the particle 
diameter of the powder is increased as the temp, of the combustion flame is raised. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To easily provide a spherical inorganic powder treated with a 
proper quantity of silane coupling agent without causing break of the spherical inorganic powder, 
preventing generation of coagulated particles, and without contaminating foreign matters, 
especially, the one treated with the silane coupling agent and having a surface OH group density 
of not higher than 3.0 OH groups/nm2, and suitable as a filler for a resin composition for semi 
conductor sealing excellent in fluidity, moisture absorption, and adhesion property. 
SOLUTION: In this method of manufacturing a surface modified spherical inorganic powder, a 
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than 200 (im, while stirring the spherical inorganic powder having an average sphericity of not 
lower than 0.70 and giving it a shearing force of a degree not causing it to break. 
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(54) HIGHLY THERMALLY CONDUCTIVE INORGANIC POWDER, RESIN COMPOSITION AND 
SURFACE TREATMENT AGENT COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide highly thermally conductive inorganic powder which is 
used for preparing a resin composition having excellent heat radiation whose viscosity is not 
easily increased even when highly filled with the powder, and to provide the resin composition 
obtained by filling the powder into resin, and to provide a surface treatment agent composition 
used for producing the highly thermally conductive inorganic powder. 

SOLUTION: The highly thermally conductive inorganic powder consists of inorganic powder 
having the average grain diameter of 1 to 20 um, and the maximum grain diameter of <45 u.m. 
The inorganic powder X being constituting grains of a grain size region of 3 to 40 jxm is the 
spherical one having roundness of >0.80, and also has a thermal conductivity of >10 W/mK, and 
the inorganic powder Y being constituting grains of a grain size region is the spherical or 
aspherical one having roundness of >0.30 to <0.80, and also has a thermal conductivity equal to 
or below that of the inorganic powder X, and in which the mass ratio of X/Y is 1 to 30. The 
highly thermally conductive inorganic powder may be tread by a surface treatment agent. The 
resin composition is filled with the highly thermally conductive inorganic powder. The surface 
treatment agent composition consists of specified two kinds of surface treatment agents. 
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2.9 


1.9 



[0 0 4 8] ^7*»bt>Wbd»4J:5!c, Hffi&S&A 

[0 0 4 9] 



^3 o 



(10) 



mW> 2003-137627 



(51) Int. CI. 7 

C 0 8 K 3/22 



F I 

C 0 8 K 3/22 



ri3-Y (#%) 



3/36 
7/16 
9/04 



3/36 
7/16 
9/04 



C 0 8 L 101/00 
C 0 9 C 1/28 



C 0 8 L 101/00 
C 0 9 C 1/28 



1/40 
3/06 
3/10 
3/12 



1/40 
3/06 
3/10 
3/12 



F9 — M&%) 4G012 LA01 LA14 

4J002 AA001 BD121 BG041 BN061 



BN071 BN151 CC041 CC161 
CC181 CD001 CD011 CD021 
CD031 CD051 CD061 CD121 
CF001 CF061 CF071 CF161 
CF211 CG001 CH071 CL001 
CM041 CN011 CN031 CP031 
DE146 DJ016 FB086 FB096 
FB106 FBI 16 FB136 FB146 
FBI 56 FBI 66 FD090 FD130 
FD140 FD150 FD200 
4J037 AA18 AA25 CB05 CB09 CB23 
CC17 DD05 DD11 DD24 EE02 
FF11 FF13 



